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This is one of several species that do not accord exactly with Catoptes,
Brachyolus or Inophloeus, but partake more or less the structure and ap-
pearence of all three. In order to avoid confusion it will be necessary before
long to redescribe these genera and define their limits more accurately; when
that is accomplished the aberrant species alluded to above may be referred
to new but certainly very intermediate genera. As I have not seen some of
these species as yet, and as very few examples of some others are possessed
by me, the difficult task must be allowed to stand over at present
Thomas Broun (1904)
Discussion after the description of Catoptes duplex
The value indeed of an aggregate of characters is very evident in natural
history. Hence, as has often been remarked, a species may depart from its
allies in several characters, both of high physiological importance and of
almost universal prevalence, and yet leave us in no doubt where it should
be ranked. Hence, also, it has been found, that a classification founded on
any single character, however important that may be, has always failed; for
no part of the organisation is universally constant.
Charles Darwin (1859)
The Origin of the Species Chapter XIII
For now we see through a glass, darkly; but then face to face: now I know
in part; but then shall I know even as also I am known.
1 Corinthians 13:12 (KJV)
And out of the ground the Lord God formed every beast of the field, and
every fowl of the air; and brought them unto Adam to see what he would
call them: and whatsoever Adam called every living creature, that was the
name thereof.
Genesis 2:19 (KJV)
Rather than a problem to be solved, the world is a joyful mystery to be
contemplated with gladness and praise.
Pope Francis (2015)
Laudato si’, paragraph 12
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vAbstract of a thesis submitted in partial fulfilment of the
requirements of the Degree of Doctor of Philosophy.
Taxonomy and evolution of endemic New Zealand
broad-nosed weevils (Coleoptera: Curculionidae:
Entiminae)
by
S. D. J. Brown
The broad-nosed weevil (Coleoptera: Curculionidae: Entiminae) fauna of New
Zealand is diverse, but the taxonomy of the group has been little studied since the
work of Thomas Broun in the late 1800s, despite the economic, evolutionary and
conservation interest of the group. This PhD revised the taxonomy of the species de-
scribed by Broun in the genus Catoptes Scho¨nherr and placed by Guillermo Kuschel
in the genus Irenimus Pascoe. Over 7000 specimens were inspected, including
type specimens of previously described species, and a combination of museum and
fresh collections representing all major New Zealand regions and habitats. It also
inferred relationships between species using molecular phylogenetics, determined
species’ environmental niche space though analysis of geographic ranges, and in-
vestigated possible influences on the evolution of particular characters. This was
conducted within an overall framework of evaluating the group’s fulfilment of four
criteria that define adaptive radiations, being: 1) common ancestry, 2) phenotypic-
environmental correlation, 3) increased fitness, and 4) rapid speciation.
The group of species described by Broun in Catoptes was found to be poly-
phyletic. Irenimus contains only six species; the characters that define the genus
being a complete metanepisternal suture, and a broad bevel at the apex of the hind
tibia. Three new genera are proposed to accommodate the remainder of species.
Austromonticolus new genus contains five species confined to the alpine regions
of Central Otago; these are characterised by having a complete metanepisternal
suture, and by females having a single bursal sclerite. Alocommatus new genus,
containing eight species, can be distinguished by the presence of a narrow furrow
surrounding the eye, strongly declivous frons, and strong basal folds on the prono-
tum; most species are found in Marlborough and North Canterbury. Chalepistes
new genus is the most speciose genus, with 53 species, and including the widespread
and occasionally economically important species C. aequalis (Broun), C. compressus
(Broun) and C. stolidus (Broun). It is distinguished by the absence of a metanepis-
ternal suture, and by having at most a narrow, unclothed bevel at the apex of the
hind tibiae.
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To infer a phylogeny that gives reliable estimates of relationships and dates of
divergence, up to four genes (28S, ArgK, CAD and COI) were sequenced from 316
individuals representing 106 species. A species tree was inferred from these data.
Each of the four genera proposed in this research was found to be monophyletic.
The genera of the Brachyolus group as proposed by Kuschel form a monophyletic
group. Dates of divergence were determined by applying a molecular clock, and
these analyses resulted in estimated crown ages of 3.78–6.04 mya for Irenimus,
1.44–3.13 mya for Austromonticolus, 2.21–4.12 mya for Alocommatus and 4.42–7.00
mya for Chalepistes.
Analyses of the environmental preferences and distribution of each species
showed that Chalepistes occupied the greatest environmental space, and exploited
almost all available terrestrial environments in New Zealand. Four sympatric sister
species pairs were found; however none of these are considered to be candidates for
sympatric speciation due to asymmetrical ranges between the pairs.
Little evidence for phenotype–environment correlation was found, the excep-
tion being a relationship between metatibial length and ecological habit. Sexually
dimorphic species were found to have a significantly increased speciation rate, in-
dicating that a form of sexual selection is occurring. The sexual dimorphism in
these weevils is unusual in that it is females, as opposed to males, that possess any
of five secondary sexual traits that can be exaggerated: 1) interstria 1 at the top
of the elytral declivity prolonged into a tubercle, 2) elytral apex produced posteri-
orly or ventrally, 3) posterior margin of ventrite 4 developed into a broad lamina,
4) disc of ventrite 5 modified by swellings, tubercles, furrow or concavities, and 5)
posterior margin of ventrite 5 being emarginate, with horns surrounding the genital
opening in extreme cases. The degree of sexual dimorphism was found to proceed
in a progressive fashion, and no correlation between sexually dimorphic traits was
detected.
Outcomes of this research include greater clarity in the classification of New
Zealand Entiminae at the genus level and a modern taxonomic treatment of four
genera at the species level. A phylogenetic foundation is produced which, together
with the drawing together of geographic and habitat associations, is used here to
provide some insights into the macroevolution of Entiminae.
Keywords: taxonomy, systematics, phylogenetics, biogeography, evolution, species
tree, gene trees, diversification, sexual selection.
Preface
The reader may be somewhat disappointed to find that, in this thesis that
so boldly claims to have worked on the “taxonomy and evolution of endemic
New Zealand broad-nosed weevils”, there is a notable lack of descriptions.
This is not, as might be initially assumed, because this work has not been
done. The taxonomy of the four genera which form the focus of this reseach
has indeed been revised, and will be due for publication within the next year.
Including the details of the taxonomy, with full descriptions, illustrations
and details of the types, would make the thesis well over 300 pages long.
Omitting it slims the document down to a length that doesn’t terrify my
examiners, while retaining all the particularly interesting aspects of this
research.
Taxonomic outputs included in this document are a key to the genera
of New Zealand Entiminae, keys to Irenimus and Austromonticolus, and
short diagnoses of the species in the focal genera. Those wanting detailed
descriptions, formal nomenclatural actions, and genitalia illustrations will
have to wait until the papers achieve final publication.
It is intended that the revisions of Irenimus, Austromonticolus and Alo-
commatus will appear as papers published in Zootaxa, and that the revision
of Chalepistes will appear as a contibution in the Fauna of New Zealand
series. However, manuscripts have not yet been submitted and these publi-
cation outlets should not be regarded as certain. Regardless of where they
ultimately get published, all genus and species names and nomenclatural acts
proposed in this thesis are provisional until formal publication. They are
hereby excluded for purposes of zoological nomenclature in accordance with
Article 8.3 of the International Code of Zoological Nomenclature (ICZN,
1999).
Samuel Brown
Lincoln, August 2015
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Chapter 1
Introduction
1.1 Broad-nosed weevils and their evolution
With over 51 000 described species (Oberprieler et al., 2007), the weevils
(Coleoptera: Curculionidae) are the largest family of beetles as well as the
largest within the animal kingdom. All weevils are phytophagous, and many
are host specific to a greater or lesser degree. The diversification of the wee-
vils coincides with the diversification of angiosperm plants, which is consis-
tent with an escape-and-radiation hypothesis (McKenna et al., 2009).
Within the Curculionidae, the broad-nosed weevils (Entiminae) include
around 1,400 genera and 12,000 species worldwide (Marvaldi et al., 2014).
The group is characterised by having a short, broad rostrum that, unlike
most other weevils with long rostra, is not used in preparing the oviposi-
tion site. The tribal classification of this subfamily is so poorly resolved
that a recent comprehensive overview of the Entiminae (Marvaldi et al.,
2014) did not attempt to define the 55 tribes given in Alonso-Zarazaga &
Lyal (1999) on the grounds that most are artificial assemblages without es-
tablished synapomorphic characters, and unlikely to be monophyletic. The
1
2 CHAPTER 1. INTRODUCTION
larvae of most Entiminae feed externally on roots, while adults are usually
foliage feeders (Marvaldi et al., 2014). Research into the host preferences of
Entiminae has been limited, with the general position being that they are
polyphagous as both adults and larvae. Those species that have been investi-
gated vary from being oligophagous (Kovarik & Burke, 1989) to polyphagous
(Gough & Brown, 1991), however the host range of most species has yet to
be determined.
The Entiminae are particularly well represented in extreme environ-
ments, such as deserts, alpine areas and sub-antarctic islands (Posadas,
2008, 2012). It is possible that soil-dwelling larvae represent a key inno-
vation (Simpson, 1953) that has allowed entimine weevils to colonise these
environments more readily than other Curculionidae; however this possibil-
ity has not been rigorously tested. Certainly, within New Zealand, there
are no other Curculioninae with soil-dwelling larvae. A number of entimine
weevil genera, particularly those found on oceanic islands, display charac-
teristics of adaptive radiations. Unfortunately, few of these groups have
been the subject of phylogenetic and evolutionary research, so details of
the factors involved in these radiations remain unclear. Some examples of
particularly interesting entimine weevil radiations follow.
Otiorhynchus
Otiorhynchus is an extremely large genus, being divided into 103 subgen-
era, and containing well over 1000 species (Alonso-Zarazaga & Lyal, 1999).
The genus originated in the Palaearctic (Lo¨bl & Smetana, 2013), but several
species have been introduced to many other regions, including New Zealand
(Kuschel, 1972; Warner & Negley, 1976). Many species are highly localised
(e.g. Baviera & Magnano, 2010), suggesting that allopatric speciation, pos-
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sibly as a result of fragmentation of habitat during various glacial maxima,
has been important in the diversification of this genus. A number of species
are parthenogenetic and polyploid (Suomalainen & Saura, 1973; Stenberg &
Lundmark, 2004), which may also have promoted speciation. Surprisingly,
the genus has largely escaped the attention of evolutionary biologists, and
a number of critical questions about the evolution of the genus, including a
phylogeny, remain unanswered.
Sitona
Over 100 species are currently known from the genus Sitona, distributed
primarily throughout the Palaearctic (Lo¨bl & Smetana, 2013), but with six
species being indigenous to North America (Bright, 1994). Unlike most other
entimine genera, larvae of Sitona show a strong degree of host specificity,
feeding on the roots and nodules of various Fabaceae. A systematic study
based on morphological characters showed that Sitona as traditionally de-
limited was polyphyletic (Vela´zquez De Castro et al., 2007). This research
also showed that the use of members of the inverted repeat-lacking clade
(IRLC) of the Hologalegina (Fabaceae) as host plants, evolved twice in the
Sitonini, and may be a key innovation that promoted diversification of the
genus (Vela´zquez De Castro et al., 2007).
Ectemnorhinini
The tribe Ectemnorhinini is composed of six genera and 36 species (Kuschel
& Chown, 1995). The tribe is restricted to the subantarctic islands of the
Indian Ocean, where they represent a substantial proportion of the beetle
diversity on the islands (Chown, 1994). Somewhat surprisingly, given the
inaccessability of the islands on which they live, these weevils are among
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the best-known of the Entiminae, with extensive studies having been con-
ducted on their ecology, physiology, and behaviour (Chown & Scholtz, 1989;
Chown & van Drimmelen, 1992; Chown et al., 1997, 2004; Chown & Klok,
2001; Crafford & Chown, 1991; Barendse & Chown, 2000). Uniquely among
Entiminae, algae and mosses form a large part of the diet of these weevils
(Chown, 1989). Many of these species are morphologically very similar,
presenting many taxonomic difficulties (Kuschel & Chown, 1995), and the
group is believed to have begun diversifying around 6 mya, with a partic-
ularly rapid burst around 4–3 mya (Grobler et al., 2011b). Chown (1990)
considered it likely that sympatric speciation has occurred in at least one
instance via disruptive ecological speciation. However, allopatric speciation
is considered to be the primary mode as evidenced by the distribution of
the species (Kuschel & Chown, 1995). Molecular evidence for inter-island
dispersal and multiple colonisations of islands has now been gathered (Grob-
ler et al., 2011a,b), which casts doubt on previous inferences of sympatric
speciation in the group.
Syzygops
The weevils in the genus Syzygops are endemic to the Mascarene Islands of
the Indian Ocean, with 17 species found on Mauritius and Re´union. The
weevils exhibit extreme sexual dimorphism, and possess bizarre, subcontigu-
ous eyes that are positioned dorso-medially. Adults are found in association
with tree ferns, from which they can be collected in large numbers (Williams,
2000). The larvae and their habits are unknown. The presence of sym-
patric species suggests that competition is reduced by exploiting different
resources. In particular Syzygops alluaudi Hustache and Syzygops vinsoni
Hustache, evidently sister species, are frequently found cohabiting on tree
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ferns (Williams, 2000), though further research is needed to determine the
differential resource use of these species.
1.2 Irenimus and its habitat
In New Zealand, the genus Irenimus represents one of the larger genera of
Entiminae in the country. In addition, they have been some of the most
researched weevils in New Zealand. This is due to their abundance and
species richness in agricultural pasture (Barratt et al., 1998), and economic
levels of damage in some crops, especially on oversown clover in high country
pasture (Barratt et al., 1992). They have also been studied because of their
role as non-target hosts for foreign braconid wasps introduced into New
Zealand as biological control agents for the agricultural pests Argentine stem
weevil (Listronotus bonariensis Kuschel), lucerne weevil (Sitona discoideus
Gyllenhal) and clover root weevil (Sitona obsoletus Gmelin) (Barratt et al.,
2007). However, despite this interest, the genus has not been subject to
recent taxonomic revision. The large number of species, and their ability to
persist in highly modified environments, suggest that the members of this
group may reveal interesting aspects of adaptation and speciation.
Irenimus was described by Pascoe (1876), before being synonymised
with Catoptes Scho¨nherr by Broun (1910). Kuschel (1969) recognised that
Catopes had been misapplied by Broun, and reinstated Irenimus as a valid
genus, recommending that all of Broun’s species described in Catoptes should
be recombined with Irenimus. The following paragraphs reflect the situation
at the beginning of this study.
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1.2.1 Biology of Irenimus
The weevils in the genus Irenimus are found throughout New Zealand,
though their greatest species diversity is found in the southern half of the
South Island, especially in the high country of Central Otago. The ecolog-
ical tolerance of the genus as is broad—specimens can be found in coastal
sand dunes and above the treeline. Additionally, their low sensitivity to
disturbance and ability to feed on introduced plants can be inferred by the
presence of many species in improved pasture and urban areas, as well as in-
digenous grassland oversown with pasture grasses and clover (Barratt et al.,
1998, 2012). They are flightless, but despite this have been able to disperse
onto small offshore islands, in some cases probably with human assistance.
In the tussock grasslands of Central Otago, Irenimus species make up a
substantial component of the weevil community, being in the top 10 most
numerous species (Murray et al., 2003). A number of species are also found
in modified pasture, and can occur there in high numbers (Barratt et al.,
1998). Populations can attain high densities in the right situations, with
over 100 specimens m−2 having been recorded (Barratt et al., 2000). Female
fecundity is moderately high, with the mean number of mature eggs per fe-
male at a single point in time ranging between five and eleven, measured
for five species (Barratt et al., 2000). The total number of eggs produced
during the female’s lifetime has not yet been determined. The phenology of
four species have been studied over a five year period (1993–1998), three in
Central Otago plus I. aequalis in Waikato. The three Central Otago species
(I. egens, I. stolidus and I. aemulator) all reached peak densities in August–
October, while that of I. aequalis was November–January (Barratt et al.,
2000). All species showed marked variation in population numbers, being
more numerous in some years than others. The numbers of I. egens in Ophir
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were correlated with precipitation, with higher populations being found fol-
lowing wetter than average years, but the variation in other species was not
so easily explained (Barratt et al., 2000). Most teneral adults were found in
July–September, suggesting that the majority of individuals overwinter as
pupae or larvae. However a second, smaller emergence in February–March
was recorded for I. stolidus, I. aequalis and I. aemulator (Barratt et al.,
2000). Adults of most species could be found over the winter months, but
at greatly reduced densities. At Kyeburn, where three species of Entimi-
nae were present, population dynamics were complex: Nicaeana sp. and I.
aemulator were most numerous at the beginning of the study, but over time
were replaced by I. stolidus (Barratt et al., 2000).
Although most species are found in grass- and shrublands, I. lobatus has
been collected in low numbers from leaf litter samples of broadleaf-podocarp
forest in the Orongorongo Valley (Moeed & Meads, 1986).
The larvae of Irenimus, like most Entiminae, feed upon roots in the soil.
They are believed to feed on a wide range of plants, though rigorous ex-
periments into their host specificity have not yet been conducted. However,
evidence for their polyphagy comes from studies which found larvae of I.
aequalis, I. compressus, and I. duplex feeding in situ upon clover, strawber-
ries, pasture, polyanthus, and Poa laevis (May, 1977). Field experiments,
where adult emergence from an isolated plot was monitored after different
plant guilds were selectively killed using different herbicides, also indicated
that larvae are not host specific (Bremner, 1988).
Much research has been conducted into the non-target parasitism of Iren-
imus species by Microctonus parasitoid wasps (Hymenoptera: Braconidae)
which were specifically introduced to control L. bonariensis, S. dicoideus
and S. lepidus. This included laboratory experiments showing that Iren-
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imus species are indeed parasitised, and that the parasitoid was able to
develop through to pupation and eclosion (Goldson et al., 1992; Barratt,
2004). However, non-target weevils showed a heightened immune response,
with parasitoid larvae being melanized and killed before emergence (Barratt,
2004). Field observations have shown that six species of Irenimus can be
parasitized by M. aethiopoides, sometimes at concerningly high levels with
parasitism rates ranging between 1.6–71.4% (Barratt et al., 1997, 2000).
Parasitism of Irenimus by M. hyperodae was less extensive, both in terms of
species parasitised and parasitism rates (Barratt et al., 1997). That Irenimus
are non-target hosts for these biological control agents is not so surprising,
as one species, I. aequalis, is the host of the New Zealand endemic species
M. zelandicus Shaw (Shaw, 1993), but the potential impact of this addi-
tional parasitism of weevils by introduced wasps is of concern, particularly
for geographically range-restricted species of Irenimus. A model predicting
the impact of parasitism on abundance has been developed (Barlow et al.,
2004), which estimates that a parasitism rate of 15% in Nicaeana cervina
at Kyeburn is resulting in 7.7% suppression of the population. However, at
higher altitudes, the reduced intrinsic rate of population increase of weevils
means that the same level of parasitism is likely to reduce the population
more (Barlow et al., 2004).
1.2.2 Economic impact
Some species of Irenimus, usually recorded as I. compressus, are considered
to be minor pests of agricultural and horticultural crops, including brassica,
carrot, lucerne, clover and blackcurrant (Scott, 1984). Irenimus compressus
has been recorded infesting the fruit of blackcurrants in the lower North
Island, to the extent that trials into effective chemical control were conducted
1.3. SPECIATION THEORY AND PROCESSES 9
(Baker, 1980). Blackcurrants have also been damaged by I. stolidus on the
Taieri Plains (B.I.P. Barratt, pers. comm.). Studies into the control of
unspecified species of Irenimus on Brassica crops have also been carried
out, in both the North and South Islands (Lowe, 1956; Upritchard & Park,
1976; Stewart, 1981). A number of species in Central Otago, especially I.
stolidus, have been implicated in the destruction of clover seedlings oversown
in tussock grasslands (Barratt et al., 1992). There has been no research
into their impact on production in other pastoral systems, but a survey of
pasture throughout the country found that Irenimus aequalis was the third
most numerous weevil collected, after the major pest species Listronotus
bonariensis and Sitona discoideus (Barratt et al., 1998).
1.3 Speciation theory and processes
Questions surrounding the diversification of taxa such as Irenimus and the
entimine weevils, present biologists with some of their most fundamental and
challenging questions. The processes resulting in speciation and differential
diversification of lineages are of great interest. Research into these questions
is necessary for furthering our knowledge as to how life on earth has evolved.
Additionally, it provides practical knowledge for understanding issues such
as the impact of invasive species, biological responses to pesticide use and
monocultural agricultural practices, and conservation of biological diversity.
Research into speciation has proceeded rapidly in the past several decades
(Coyne & Orr, 2004). Advances in DNA analytical methods, phyloge-
netic comparative studies, formal mathematical theories of speciation, and
a reawakened emphasis on ecology and selection, combined with a greater
emphasis on formulating testable hypotheses, have reinvigorated the field
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(Coyne & Orr, 2004; Nosil, 2012). A summary of the major modes of speci-
ation follows.
Speciation of allopatrically isolated populations is uncontroversial. Due
to genetic drift, it is inevitable that if populations are geographically isolated,
they will become reproductively isolated given enough time (Turelli et al.,
2001). If selection is occurring, this will only hasten the process. This model
was championed by Mayr (1963), and for a long time was considered to be
the dominant, if not the only, way speciation could proceed. Taxa that
have diversified through allopatric speciation include the endemic avifauna
of the Solomon Islands (Mayr & Diamond, 2001), Japanese micropterigid
moths (Imada et al., 2011), Japanese silphid carrion beetles (Ikeda et al.,
2012), Syrphetodes ulodid beetles (Leschen & Buckley, 2015), and Larinus
capitulum weevils (Briese et al., 1996).
In the past couple of decades, a renewed interest in the ways that nat-
ural selection operates throughout speciation has inspired a great deal of
research into ecological speciation. This occurs when barriers to gene flow
are established through divergent selection in response to ecologically dis-
tinct habitats that may be co-located, parapatric or allopatric (Nosil, 2012).
Adaptive radiation is the evolution of ecological and phenotypic diversity
within a rapidly speciating lineage (Schluter, 2000). The key points here are
the speciation rate and ecological differentiation within the group. Schluter
(2000) identified four criteria for determining whether a group has under-
gone adaptive radiation: 1) the group shares a common ancestry; 2) there
is correlation between the environments used by the group and their mor-
phology and physiology; 3) the organisms show increased fitness due to
this correlation; and 4) there has been rapid speciation within the group.
Celebrated examples of adaptive radiations include the Gala´pagos finches
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(Grant & Grant, 2008), Caribbean Anolis lizards (Mahler et al., 2013), and
Hawaiian lobeliad plants (Givnish et al., 2009), with other examples coming
to light including the Paussus beetles of Madagascar (Moore & Robertson,
2014) and Tetragnatha spiders of Hawaii (Blackledge & Gillespie, 2004).
Sexual selection is the result of differential reproductive success within a
species arising from competition with others of the same species for mates.
While the concept of sexual selection was introduced by Darwin (1871),
Fisher (1930) first posited a model of runaway selection, later formalised
by Lande (1981), where female choice pushes the development of male sec-
ondary sexual structures beyond the equilibrium imposed by natural selec-
tion. If females have diverging preferences within a population, this pro-
cess can lead to speciation. Other models of sexual selection include so-
cial competition for mates between members of the same sex, as occurs in
Lucanidae stag beetles, Onthophagus scarab beetles, and Parisoschoenus
baridine weevils (West-Eberhard, 1983; Emlen, 2008), and models of sex-
ual conflict, where the evolutionary interests of the sexes differ (Parker &
Partridge, 1998). The prevalence of sexual selection as a significant force
for speciation is increasingly being recognised. Several textbook examples
of adaptive radiations have recently been reconsidered to incorporate a sub-
stantial element of sexual selection. The African Rift Valley cichlid fishes, an
exemplar of convergent morphological evolution, also has been interpreted
as an examplar of sexual selection (Turner, 1999). Likewise, it appears that
sexual behaviour has had a strong influence on speciation in the Hawaiian
Drosophila radiation (Kaneshiro, 2006).
Gene flow between populations has been traditionally considered to be
a homogenising influence. It is becoming recognised, however, that pop-
ulations can retain characteristic differences, even with gene flow (Nosil,
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2008). Models are being developed that accommodate continued gene flow
throughout the speciation process, by modifying the concept of reproduc-
tive isolation from the genome scale, to the gene level, and which require
strong selection on the genes of the distinctive characters (Wu, 2001). The
New Zealand grasshoppers in the genus Sigaeus appear to be an example
of this, where despite substantial gene flow between S. childi Jamieson and
S. australis (Hutton), the two remain morphologically distinct in sympatry,
with no evidence for morphologically intermediate hybrids (Dowle et al.,
2014). Similarly, hybridisation is also being found to be a factor in promot-
ing rapid speciation in some systems, especially plants (Thompson, 2013;
Osborne et al., 2013).
1.4 Aims and objectives
The following hypotheses will be tested in this research. One: the genus
Irenimus is hypothesized to be a recent adaptive radiation, that exhibits a
large degree of phenotypic and ecological plasticity, and fulfils the criteria
of Schluter (2000), being: i) common ancestry, ii) phenotypic-environmental
correlation, iii) increased fitness, and iv) rapid speciation. Two: the genus
is expected to have begun radiating after the Oligocene drowning of New
Zealand around 20 mya (Landis et al., 2008), with a particularly fruitful
burst during the glacial cycles of the past one million years. Three: al-
lopatric speciation is hypothesized to be a factor in the diversification of the
genus although sympatric speciation caused by ecological differences is also
expected to have occurred in some cases.
Towards testing these hypotheses, the objectives of this thesis are as
follows:
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One: Taxonomy Conduct a thorough taxonomic revision of the genus,
including inspection of type specimens, in order to establish a solid morpho-
logical foundation for subsequent research. Discuss relevant aspects of their
morphology (Chapter 2).
Two: Systematics Infer a phylogeny for the genus using DNA sequences
of four gene regions, allowing dates of divergence to be estimated. Discuss
the results in the context of current research into the origin of the New
Zealand alpine fauna (Chapter 3).
Three: Biogeography Determine the current distribution of Irenimus
species, and estimate the environmental preferences of each species based
on their distribution. Calculate the degree of sympatry between species
pairs to determine the likelihood of speciation occurring in sympatry, and
to offer possibilities for future research on divergent selection (Chapter 4).
Four: Character Evolution Analyse sexually dimorphic traits of Iren-
imus to determine the potential influence of sexual selection on the evolution
of the genus (Chapter 5).
The scope of this PhD only allows for the investigation of parts 1, 2 and
4 of Schluter’s definition of adaptive radiation (Schluter, 2000). Part 3 of
his definition requires experimental testing of the fitness of Irenimus species
in different conditions. These experiments will not be feasible in this PhD
due to the difficulty of rearing Irenimus specimens from egg to adult, the
time required to do so (larval stage lasts for 1–2 years), and the necessity of
having a clear taxonomic understanding of the group to determine specimen
identity and to correctly interpret the results of experiments. However, this
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thesis should give an indication of the likelihood that Irenimus represents
an adaptive radiation.
This research is the first modern taxonomic revision of New Zealand En-
timinae, and seeks to rectify the current situation of uncertainty surrounding
specimen identification, and historical names that have been unused since
their initial publication. This PhD will provide a basis for future investiga-
tions of host preferences, competition, biology and physiology of the species
of Irenimus, which is required for a comprehensive understanding of the
evolution of these weevils.
Chapter 2
Taxonomy
2.1 Introduction
Taxonomy is the foundation of the biological sciences. It is the process
of defining groups of organisms on the basis of shared characteristics and
giving names to those groups. A sound understanding of the identity of
the taxon that is under study is essential for reliable communication about
the discoveries made in that system. Without it, studies on the ecology of
New Zealand grassland Entiminae will have limited usefulness, as previous
studies that confused externally similar species have shown (Bremner, 1988).
Other examples of situations where inadequate taxonomy has caused
problems include the following. Between 1974 and 1992, the ceutorhynchine
weevil Trichosirocalus horridus was introduced from Europe into the United
States, New Zealand and Australia from source populations in Germany and
Spain for the biological control of thistles in the genera Onopordum and Car-
duus (Jessep, 1989; Woodburn, 1997). Initially considered to consist of a sin-
gle species, subsequent research found that this taxon was a species complex
of three species, the species of which were host specific (Alonso-Zarazaga &
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Sa´nchez-Ruiz, 2002). This has lead to the realisation that the species within
New Zealand is not Trichosirocalus horridus (Panzer), but is rather T. mor-
tadelo Alonso-Zarazaga and Manuel Sa´nchez-Ruiz. Similarly, the introduc-
tion of the erirhinine weevil Cyrtobagous singularis from Trinidad into Africa
and Fiji between 1971 and 1979 failed to control the water weed Salvinia
molesta (Winston et al., 2014). After successful control was obtained in
Australia in 1980 from Cyrtobagous collected from Brazil, it was found
that the Brazilian populations represented an undescribed species, subse-
quently named Cyrtobagous salviniae Calder and Sands (Calder & Sands,
1985). This species has since been introduced into many other countries,
where it consistently suppressed populations of Salvinia molesta (Winston
et al., 2014). Finally, the lasting impact of misidentifications can be demon-
strated through the initial identification of Sitona discoideus Gyllenhal in
New Zealand as Sitona humeralis (Stephens) (Esson, 1975). Although the
true identity of this taxon was determined relatively shortly after initial de-
tection (Roudier, 1980), erroneous reports that Sitona humeralis is present
in New Zealand continue to appear (e.g. Toy, 2013).
Advances in DNA sequencing, microscopic imaging, geometric morpho-
metrics, and streamlined methods for disseminating taxonomic information,
(Ludosˇki et al., 2008; Stoev et al., 2010; Faulwetter et al., 2013; Riedel et al.,
2012) offer a multidisciplinary and multidimensional opportunity to improve
taxonomic study, especially as their associated techniques become ever-more
accessible. However, the study of comparative morphology remains impor-
tant for understanding how evolutionary change affects and is effected by
an organism’s phenotype, for providing an alternative data source for eval-
uating molecular systematic research, and is critical in disciplines such as
palaeontology, physiology and biophysical research (Beutel et al., 2014).
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Functional morphological traits are those features of an organism that
determine, or are influenced by, their environment and lifestyle, and can
be important characters for taxonomic resolution. They have become of
increasing interest to ecologists, allowing a mechanistic view of community
composition and change. In plant ecology, research into functional traits is
an active field, with standardised traits (Pe´rez-Harguindeguy et al., 2013),
but their use in invertebrate ecological studies is still in its infancy. The
reason for this delay is largely due to the high diversity of morphology and
life histories, relative to plants, combined with the difficulty in scoring and
measuring traits in an efficient manner. However, further research is starting
to make sense of the functional aspects of invertebrate traits, and advances
in microscopic imaging and analysis are making measuring morphological
traits more tractable. Consequently, functional traits have become a useful
starting point for research into adaptation, but only recently have moves
been made towards standardising beetle functional traits (Fountain-Jones
et al., 2015).
2.1.1 Taxonomic history
The first species of broad-nosed weevils described from New Zealand were
Curculio interruptus and Curculio modesta, both described by Johann Chris-
tian Fabricius (1781), from material collected by Joseph Banks on Captain
James Cook’s first voyage to New Zealand. Fabricius’ names were unused,
however, until Guillermo Kuschel (1969, 1970) published the results of his
research into the collections of Joseph Banks. The first genus of New Zealand
broad-nosed weevil was Catoptes, described by Carl Johan Scho¨nherr (1842),
with the type species Catoptes obliquisignatus Boheman.
Irenimus was described by Francis Pascoe in 1876 with the description
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of I. parilis from Christchurch (Pascoe, 1876). Thomas Broun described
a few additional species in the genus (Broun, 1886), before synonymising
the genus with Catoptes (Broun, 1910). Approximately 70 species were
described in Catoptes by Broun (1880, 1881, 1883, 1886, 1893a,b, 1895,
1904a, 1909, 1910, 1914, 1917, 1921, 1923), David Sharp (1886) and Sir
Guy Marshall (1931). The mistaken identity of Catoptes was discovered
by Kuschel (1969), who synonymised Tigones Broun, Platyomida White,
Asaphia Broun, Empaeotes Pascoe, Exonastus Broun, Getopsephus Broun
and Protophormus Sharp with Catoptes and considered that until a compre-
hensive revision could be undertaken, all species described by Broun, Sharp
and Marshall under Catoptes should be considered as Irenimus. However,
few of the species of Catoptes sensu Broun, Sharp and Marshall have been
formally combined with Irenimus or other genera, which has resulted in an
over-estimation of the species diversity of Catoptes (Macfarlane et al., 2011).
Since 1931, the only taxonomic works published on the group were the
redescription and combination of I. compressus and I. aequalis by Kuschel
(1969), and the description of four new species and the redescription of three
others by Barratt & Kuschel (1996).
As predicted by Broun (1904a) in his description of Catoptes duplex (re-
produced in the dedication of this thesis), a number of new genera need to
be described to accommodate the species that Broun, Sharp and Marshall
described in Catoptes. Irenimus is here restricted to a handful of species
(contra Kuschel (1969) and Barratt & Kuschel (1996)), and three new gen-
era are proposed to house the remainder. Chalepistes is proposed to house
most species. Alocommatus is proposed to contain a number of interest-
ing species seemingly associated with Asteraceae, and Austromonticolus in
which several alpine species are described.
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2.2 Methods
2.2.1 Collecting
Specimens were primarily collected using three methods: beating vegetation,
visual searching, and using a blower vac for pasture sampling.
A beating tray formed by a sheet stretched over a frame was positioned
beneath vegetation, which was then beaten with a stick several times. The
resulting debris was then inspected carefully to find specimens of interest.
This collecting method was appropriate for shrubby vegetation that was
high enough to position the beating tray underneath foliage with little dis-
turbance. When searching for Chalepistes specifically, Coprosma, Hebe and
Muehlenbeckia were targeted.
Visual searching was particularly effective in alpine areas and cushion-
fields, and other areas where the vegetation had little vertical structure.
Weevils were often seen sitting on various cushion plants during the day.
During this study, weevils were found from 0800 hrs to 2000 hrs (New
Zealand Daylight Saving Time); with the period 1000–1500 hrs being es-
pecially productive time. Plants in the genera Phyllachne and Raoulia ap-
peared to be preferred hosts, though weevils were also found on other cush-
ion plant genera, including Dracophyllum, Donatia and Scleranthus. When
weevils were found on a cushion, it was often profitable to search through
the vegetation or under small stones immediately adjacent to the cushion, as
further specimens were frequently found taking shelter in those areas. Being
aware of the typical foliar damage caused by broad-nosed weevils (i.e. small
semi-circular excavation of leaf margins) enabled the identification of plant
species and individuals that were worth inspecting closely. Hand-searching
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the leaf litter of plants such as Brachyglottis daisies was profitable, particu-
larly when the plant was growing over flat rocks.
Low pasture or tussock grasslands was sampled using a modified petrol-
driven leaf blower. The blower was modifed such that it operated as a
vacuum, not as a blower. A ring of PVC piping was fixed within the nozzle
of the machine, upon which a pouch of netting was placed so as to collect the
debris and insects that were sucked up when the device was dragged through
pasture. The sample was either emptied onto a tray and sorted manually, or
placed in an extraction funnel. This method has been used extensively by
researchers surveying pasture for economically important weevils (Barratt
et al., 1998, 2000; McNeill et al., 2006)
2.2.2 Preservation
Specimens were collected into 100% ethanol in the field, or placed directly
into a freezer at -20℃. Ethanol-preserved specimens were used preferentially
for DNA extraction and sequencing.
2.2.3 Preparation
Specimens were largely dry-mounted following Walker & Crosby (1988).
Specimens that were large enough to comfortably accomodate a #3 en-
tomological pin were pinned through the right elytron. Specimens too small
to be pinned directly were fixed to card points using Tillyard’s glue (Walker
& Crosby, 1988). All specimens were labelled with locality, collection date,
and collector’s name and also, when available, geographic coordinates, host
plant and collection method. The geographic codes proposed by Crosby
et al. (1998) were used.
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Genitalia were examined by softening specimens for a short time in warm
water, before removing the abdomen by inserting fine forceps between the
metaventrite and ventrite 1. The abdomen was left to digest for c. 36 hrs in
a pancreatin solution (A´lvarez Padilla & Hormiga, 2008). The lysate from
this digest was then used for DNA extraction (See Chapter 3). If specimens
had not cleared satisfactorily at the end of this time, they were digested in
cold 10% KOH for a few minutes. Equipment used included Dumont Du-
moxel #5 forceps (Fine Science Tools (FST) #11252-30), Dumont Dumoxel
#3 forceps (FST #11231-30), Vannas-style 2.5 mm spring scissors (FST
#15000-08), and a hypodermic needle as a micro-knife. The abdomen was
flayed by cutting down the right side of the abdomen with spring scissors.
Male genitalia were removed by severing the strong ligaments connecting
sternite 8 to tergite 8, then cutting through the pretegmenal membrane be-
tween the phallobase and the anus. Female genitalia were stained briefly in a
1% w/v solution of Chlorazol Black dissolved in 70% ethanol, then removed
by cutting through the membranes connecting tergites 7 and 8. Sternite 8
and tergite 8 were separated from the gonocoxites by cutting through their
connecting membranes. Genitalia were photographed, then mounted on a
card using dimethyl hydantoin formaldehyde (DMHF) (Liberti, 2005), which
was then pinned below the specimen.
A few specimens were slide-mounted in Euparal, following Leschen (2003).
Extensive slide-mounting was not pursued, due to the difficulty of preventing
drift of bodyparts after initial positioning.
2.2.4 Illustrations
Line drawings were made with a Zeiss Stemi SV6 stereo microscope fitted
with a camera lucida. These were scanned and inked digitally, and saved
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in vector graphic format using Inkscape version 0.48 (Inkscape Team, 2004-
2014).
Photographs were taken using Nikon SMZ1500 fitted with a digital cam-
era. A stack of images were taken, which were then montaged into a single
image using Auto-Montage (Synoptics Ltd, Cambridge, UK).
2.2.5 Collections
AMNZ: Auckland War Memorial Museum, Auckland, New Zealand
BMNH: Natural History Museum, London, United Kingdom
IACC: Invermay Agricultural Centre Collection, Mosgiel, New Zealand
LUNZ: Lincoln University Entomology Research Museum, Lincoln, Can-
terbury, New Zealand
MONZ: Te Papa Tongarewa, National Museum of New Zealand, Welling-
ton, New Zealand
MNHN: Muse´um national d’Histoire Naturelle, Paris, France
NZAC: New Zealand Arthropod Collection, Manaaki Whenua Landcare
Research, Tamaki, Auckland, New Zealand
OMNZ: Otago Museum, Dunedin, New Zealand
SDJBPC: Private collection of the author
2.2.6 Species concept
The species conception used in this chapter is morphological. Species were
defined by character sets that allowed differentiation between groups, form-
ing diagnosable entities. Ideally, taxa should be able to be distinguished
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solely using external characters. However, when necessary, taxa were seper-
ated in the absence of clear external characters if genitalic morphology pro-
vided compelling evidence for this course of action. Taxa are proposed in
order to determine the evolutionary processes leading to their existence and
the ecological functions that they fulfil.
2.2.7 Names for new species
Species epithets were derived under the following scheme. Descriptive epi-
thets were preferred, followed by names of places. A number of species have
been named after people who have had substantial input into this research,
and particularly if they had some connection to the species in question, such
as through collection of an important series of specimens. The Greek and
Latin roots of words were found using Greek and Latin lexicons (Brown,
1956; Borror, 1960).
2.2.8 Literature
Original descriptions were obtained from the online bibliographic databases
Bugz Bibliography of New Zealand Terrestrial Invertebrates online and the
Biodiversity Heritage Library. Links to the original description of previously
described species are provided by clicking the BHL symbol in the PDF ver-
sion of this thesis. These worked at the time of deposition (Feb 2016), but
are not guaranteed to work in the future.
2.3 Classification of New Zealand Entiminae
The New Zealand representatives of Entiminae are here divided into three
broad groups (G. Kuschel pers. comm.). 1) The Catoptes group contains
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Agatholobus Broun, Catodryobiolus Brookes, Catoptes Scho¨nherr, Euryno-
tia Broun, Epitimetes Pascoe, Heterexis Broun, Homodus Broun, Hygrochus
Broun, Leptopius Oke, Lyperobates Broun, Nonnotus Sharp, Oclandius Blan-
chard, Phaeocharis Broun and Thesius Broun; 2) the Mandalotus group
contains Cecyropa Pascoe, Mandalotus Erichson, Paelocharis Broun and
Thotmus Broun; and 3) the Brachyolus group contains Brachyolus White,
Echinopeplus Broun, Haplolobus Broun, Inophloeus Pascoe, Irenimus Pas-
coe, Neoevas Broun, Nicaeana Pascoe, Protolobus Sharp, Sargon Broun, and
Zenagraphus Broun (Kuschel, 1969). All New Zealand Entiminae genera are
endemic to New Zealand, with the exception of Leptopius and Mandalotus.
The monophyly of each of these groups is yet to be demonstrated, but they
are a useful entry to identifying members of the subfamily. Kuschel (1969)
proposed that the synapomorphies of a long sternite 8 and long gonocoxal
rods united the genera in the Brachyolus group, but no synapomorphies have
been proposed for the other two groups. Most New Zealand entimines were
placed by Alonso-Zarazaga & Lyal (1999) in the tribe Tropiphorini, with the
exception of Lyperobates, placed in Geonemini; Nonnotus, placed in Phyl-
lobiini; and Epitimetes, Phaeocharis, Homodus and Hygrochus, placed in
Otiorhynchini. Leschen et al. (2003) placed all genera in the Tropiphorini.
Due to the chaotic state of the tribal classification of the Entiminae,
no formal placement of the New Zealand genera is made here. However,
the sister taxa of New Zealand entimine weevil clades are most likely to be
found in Australia. Recently Pullen et al. (2014) placed most Australian en-
timine weevil genera into the tribe Leptopiini, which was synonymised with
Tropiphorini by Alonso-Zarazaga & Lyal (1999). The Leptopiini remains
poorly defined, and is likely to prove to be composed of several disparate el-
ements; indeed, Pullen et al. (2014) recognise seven groups. The characters
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possessed by members of the Brachyolus group (namely; narrowly open or
closed corbels, free tarsal claws, ocular lobes variably developed, and pau-
cisetose mandibles), would place them in one of the Prypnus, Stenocorynus
or Prosayleus groups of Pullen et al. (2014). Inspection of specimens as part
of this study, suggest that Uroleptops Lea and Gastrocis Lea are closely re-
lated to the Brachyolus group, based on stria 10 being incomplete; hind tibia
being simple or with narrow, bare corbels and with a pale setal comb; and
tarsi without scales on dorsal surface. Prosayleus Scho¨nherr superficially
resembles Irenimus, but differs substantially in the form of the female styli.
In Prosayleus the styli are heavily sclerotised and triangular with an acute
apex. Their appearance suggests they lay their eggs inside plant tissues or
hard ground, where the ovipositor penetrates the substrate, though this has
not been confirmed by published observations. This is very different from
the styli of Chalepistes which are lightly sclerotised and subcylindrical with
a blunt apex. Observations of Chalepistes ovipositing in captivity show that
they utilise already-present fissures in the substrate for oviposition (Shields,
2013, SDJ Brown pers. obs.).
The New Caledonian Entiminae were most thoroughly revised by Kuschel
(2008), in which Chalepistes keys out to Pseudomelactus Heller, Hellerius
Kuschel or Amphionotus Faust. Hellerius is said to have Catoptes/Leptopius-
type female genitalia, and examination of specimens indicate a relationship
with Epitimetes, not Chalepistes. The description of the female genitalia
of Pseudomelactus, with a long sternite 8 and long gonocoxites, suggests
a possible relationship with the Brachyolus group. No specimens of Pseu-
domelactus were examined during the course of this study, and biogeographic
considerations lessen the probability of sister taxa to the Brachyolus group
being found in New Caledonia.
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While there is no modern, comprehensive account covering all tribes of
the South American Entiminae, the Naupactini have been the subject of
much research. Females of the Naupactini also possess a long ovipositor
with divided gonocoxites and baculi (Lanteri & del R´ıo, 2008). Further re-
search is required to confirm the homology of the Naupactini ovipostor with
that possessed by the Brachyolus group. Specimens of Dasydema Blanchard
(placed in Tropiphorini by Alonso-Zarazaga & Lyal (1999) and Leptopiini
by Wibmer & O’Brien (1986)) appear to possess pappolepida (Refer to the
discussion of vesititure below) on the lateral area of the metaventrite, indi-
cating a possible relationship with the Brachyolus group.
2.4 Discussion of morphology
The species of Irenimus, Chalepistes, Austromonticolus and Alocommatus
are fairly typical entimine weevils with respect to their form and structure.
Their external vestiture is densely squamose, primarily coloured dull grey to
brown, and they do not produce waxy secretions. Eyes are flat, ovate and
lateral. They have a downward facing rostrum, with lateral antennal inser-
tions. The scape reaches the back of the eye when in repose, occasionally
reaching the anterior margin of the pronotum. The mandibles are plurise-
tose, without scales. The pronotum is narrower than the elytra, especially
at its base; ocular lobes and vibrissiae are both present. The elytra has
10 striae, the 10th stria confluent with the 9th posterior of the metacoxae.
The scutellum is visible. Hindwings absent. Procoxae contiguous. Proster-
nal process interrupted externally, apex visible as a convex dome behind
procoxae (“prosternellum” of Oberprieler et al. (2014)). Ventral margin of
protibia with several minute denticles; denticles present or absent on other
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anterior
posterior
Lens Oval Ovate
Figure 2.1: Diagram showing generalised outlines indicating different body
shapes.
tibiae also. Tarsal segment 3 bilobed. Tarsal claws separate, empodium
absent.
Body shape was classed into three categories (Figure 2.1). A lens shaped
body indicates that the body is widest around the humeri of the elytra, and
that the elytra taper posteriorly. An oval shape indicates that the elytra
are rounded posteriorly, and are not substantially wider than the pronotum.
An ovate shape indicates that the elytra are substantially wider than the
pronotum.
Body length was measured in lateral view, from the anterior margin of
the eyes to the elytral declivity. The length is reported as a range between
the minimum and maximum, with the arithmetic mean (X¯), standard devi-
ation (s) and number of specimens in the sample (n) given. Body size is an
important trait that allows one to correct for isometric change and detect
the presence of allometry. A list of the species of Irenimus, Chalepistes, Aus-
tromonticolus and Alocommatus, sorted by mean length, is given in Table
2.1.
The vestiture of the Brachyolus group is diverse, and the different forms
are of great use in distinguishing between species and genera. There are a
great variety of scale forms, shapes and sculptures in weevils, but relatively
few attempts at providing a consistent nomenclature for the various forms
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Table 2.1: Body lengths of the species of Irenimus, Chalepistes, Austromon-
ticolus and Alocommatus, ordered from shortest to longest
Species Mean SD Min Max n
Chalepistes similis 2.63 0.16 2.52 2.86 4
Chalepistes curvus 2.73 0.2 2.52 3.04 5
Chalepistes inundans 2.86 0.27 2.49 3.32 11
Chalepistes placidus 2.86 0.38 2.52 3.43 5
Chalepistes planithorax 2.94 0.16 2.82 3.12 3
Chalepistes hirsutus 2.95 0.26 2.64 3.20 4
Chalepistes confusus 3.03 0.33 2.60 3.40 4
Chalepistes vastator 3.20 3.20 3.20 1
Irenimus minimus 3.33 0.2 3.16 3.56 4
Chalepistes watti 3.37 0.29 3.00 3.88 7
Chalepistes egens 3.38 0.27 3.08 3.71 4
Chalepistes instabilis 3.38 0.09 3.28 3.47 4
Chalepistes shieldsi 3.41 0.36 3.16 3.82 3
Chalepistes canaster 3.45 0.16 3.17 3.66 8
Chalepistes nitidus 3.50 0.14 3.30 3.77 8
Chalepistes tenebricus 3.56 0.45 3.02 4.11 6
Chalepistes politus 3.57 0.16 3.36 3.76 6
Chalepistes phillipsi 3.60 0.18 3.43 3.82 4
Chalepistes albosparsus 3.61 0.29 3.04 4.03 10
Chalepistes aequalis 3.74 0.51 3.12 4.37 4
Chalepistes kremnobates 3.74 0.08 3.67 3.82 3
Irenimus crinitus 3.79 0.29 3.46 4.01 3
Austromonticolus mataura 3.80 0.25 3.42 4.11 13
Chalepistes anatobasilicum 3.84 0.29 3.64 4.05 2
Chalepistes apicalis 3.92 0.38 3.47 4.37 5
Chalepistes elaphus 3.92 0.31 3.56 4.30 7
Austromonticolus furcatus 3.97 0.28 3.67 4.22 3
Irenimus stichus 3.97 0.72 3.22 4.80 4
Chalepistes cruickshanki 4.02 0.24 3.84 4.35 4
Chalepistes verticalis 4.05 0.21 3.78 4.27 5
Austromonticolus atriarius 4.19 0.36 3.60 4.55 8
Irenimus aniptus 4.20 0.12 4.07 4.31 3
Chalepistes inaequalis 4.25 0.49 3.71 4.92 6
Alocommatus pusillus 4.30 0.36 3.93 4.80 4
Chalepistes armstrongae 4.32 0.43 3.55 4.80 12
Chalepistes patricki 4.33 0.34 3.74 4.70 6
Chalepistes stolidus 4.39 0.52 3.43 4.92 7
Chalepistes nokomai 4.40 4.40 4.40 1
Chalepistes coleridgensis 4.43 0.32 4.07 4.67 3
Chalepistes asperatus 4.44 0.54 3.71 5.35 6
Chalepistes costifer 4.45 0.28 4.07 4.80 6
Austromonticolus rotundus 4.52 0.2 4.20 4.80 8
Chalepistes armstrongae 4.53 0.53 4.15 4.90 2
Chalepistes agalliasus 4.57 0.48 3.90 5.10 6
Chalepistes spermophilus 4.57 0.64 3.98 5.84 7
Alocommatus constrictus 4.68 0.7 4.07 5.60 4
Alocommatus oleariphagus 4.68 0.43 4.07 5.35 8
Chalepistes latipennis 4.74 0.31 4.43 5.17 5
Alocommatus longicollis 4.86 0.6 4.37 5.84 6
Chalepistes dugdalei 5.06 0.36 4.49 5.39 5
Chalepistes kopuwai 5.24 0.18 4.98 5.56 10
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Table 2.1: Body lengths of the species of Irenimus, Chalepistes, Austromon-
ticolus and Alocommatus, ordered from shortest to longest
Species Mean SD Min Max n
Chalepistes limbatus 5.32 0.45 4.75 5.77 6
Chalepistes hollowayae 5.36 0.39 4.41 5.80 13
Chalepistes lobatus 5.45 0.99 4.51 6.62 4
Chalepistes nicaeoides 5.55 0.72 4.55 6.68 7
Chalepistes posticalis 5.55 0.51 4.51 6.21 26
Chalepistes kuscheli 5.69 0.41 5.33 6.14 3
Chalepistes compressus 5.70 0.34 5.41 6.15 4
Chalepistes barrattae 5.77 0.26 5.23 6.27 13
Irenimus parilis 5.80 1.3 4.41 6.95 4
Irenimus duplex 5.81 1.02 4.46 6.87 4
Alocommatus pellatum 5.90 0.91 4.96 6.68 4
Alocommatus epacrus 6.14 0.77 5.46 7.10 4
Chalepistes rubidus 6.20 0.49 5.54 6.70 5
Chalepistes platycephalus 6.25 0.32 5.90 6.87 10
Alocommatus atribetulus 6.34 0.49 5.78 6.70 3
Alocommatus macdonaldae 6.71 0.81 5.83 7.76 5
Chalepistes dehiscens 6.81 6.81 6.81 1
Chalepistes spectabilis 7.34 0.38 6.87 7.68 4
Chalepistes rhesus 7.42 0.55 6.95 8.01 4
Chalepistes navicularis 7.49 0.34 7.11 7.76 3
Austromonticolus gigas 7.98 0.72 7.28 8.72 3
Chalepistes pensus 9.12 0.42 8.62 9.51 4
(though see Ramamurthy & Ghai (1988); Arzanov & Valov (2011); Erbey &
Candan (2014)). The following terms are used in this study when referring
to vestiture.
Sensory setae: These are erect, pale hair-like setae that are believed to
play a part in the weevil’s sensory system. They tend to be consistent
across species, and are not used for identification purposes. They are
particularly obvious on the trochanters, antennae, and gula.
Trichia: Pale setae-like hairs that are not believed to have a sensory func-
tion (Figure 2.2). Found on the apex and underside of the rostrum,
venter of the abdomen, and on the tibiae and tarsi.
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Tarsal hairs: Fine setae, that densely cover the underside of tarsal seg-
ments 1–3. These setae enable the weevil to adhere to smooth surfaces
through molecular adhesion (Stork, 1980).
Appressed scales: In most species, these are large, broad scales that are
appressed to the exoskeleton (Figure 2.2). They are frequently ribbed,
which can be seen at high (> 40×) magnification. In some species
(e.g. C. nitidus, C. pensus), they are much smaller, smooth and dome
shaped. The margins are sometimes ragged apically, which appears to
be a defining characteristic of Protolobus. They are frequently metallic,
and are likely to incorporate three-dimensional photonic crystals, as in
other entimine weevils (Seago et al., 2009), though formal investigation
of their structure has not yet been conducted.
Upright scales: These are scales that are variously coloured, frequently
broadened and can be erect, semi-erect or decumbent (Figure 2.3).
They tend to be found on the frons, pronotum, elytra, metaventrite
and femorae. They can be trichoid, setiform, or clubbed.
Pappolepida: These are scales that are divided multiple times at the apex
to give them a feathery or velvety appearance (Figure 2.2). They
may be unique to the Brachyolus group, though their homology with
other similar scales, such those found on Myllocerus undecimpustula-
tus, has yet to be determined (George et al., 2015). They are found
on the coxae, thoracic ventrites and abdominal ventrites. The distri-
bution and density of these scales, particularly on the lateral area of
the metaventrite, is an important character for the identification of
species.
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Upright scale Appressed scale
Trichia
Pappolepida
Figure 2.2: Lateral metaventrite of Chalepistes aequalis showing the different
forms of vestiture.
The rostrum of members of the Brachyolus group is of moderate length,
being around 1.5 times longer than wide. The evolution of rostrum length
in the Entiminae has recieved little attention, but, given that the rostrum
is not used in preparing oviposition sites, it is unlikely that it will be closely
correlated with traits such as host pericarp thickness, as has been found in
other weevils (Toju & Sota, 2006). However, the length of the rostrum does
vary substantially within the Entiminae. The rostrum length/width ratio
can be so short as to be transverse, such as in the Omiini with a ratio of
0.59–1.00 (Borovec, 2006) and Afrophloeus (Embrithini) with a ratio of 0.67–
0.79 (Borovec & Oberprieler, 2013). Most species of Entiminae have rostra
that are slightly longer than wide, including Otiorhynchus (Otiorhynchini),
1.0–1.5 (Baviera & Magnano, 2010); Cadoderus (Embrithini), 0.96–1.50 (Yu-
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Decumbent
SemierectErect
Figure 2.3: Diagram showing the terminology for upright scale orientation.
From left to right: Erect, semi-erect and decumbent scales.
nakov, 2012); and Eustylini, 0.94–1.6 (Franz, 2010). The longest rostra can
exceed two times longer than wide, such as in the Eupholini, with ratios
being between 1.5–2.3 (Riedel, 2009). This diversity of rostrum length is
likely to influence the resources available to the weevils. For example, the
development of a long, ventrally bare rostrum (the ‘tanyrhynchine’ rostrum)
appears to be an adaptation for feeding on grass pollen and other hidden
plant tissues (Oberprieler, 1995). Terminology of the structure of the ros-
trum follows Yunakov (2012), with the frons referring to the area between
the epistome and the antennal insertion .
Tubercles on elytral interstriae 3 and 5 are uncommon in the Entim-
inae, being otherwise found in genera such as Catasarcus, Leptopius and
Ecrizothis (Leptopiini, Thompson 1968; Zimmerman 1991), Gymnopholus
(Eupholini, Gressitt & Sedlacek 1967) and Ottistira (Ottistirini, Riedel &
O’Brien 1995). Tubercles are apparently not present in the majority of the
entimine weevil representatives of Europe (Rheinheimer & Hassler, 2013) or
North America (Bright & Bouchard, 2008), but are known in some species
of Laparocerus from the Canary Islands (Machado, 2011). In Irenimus, Alo-
commatus and Austromonticolus, the interstriae are poorly developed, being
produced into only slight swellings at most. In Brachyolus and Chalepistes,
2.4. DISCUSSION OF MORPHOLOGY 33
the interstriae are produced into tubercles in some species (e.g. B. puncta-
tus, C. costifer, C. spectabilis). In these instances, the tubercle on interstria
3 is developed more than I5. In the New Zealand fauna, elytral tubercles
are developed to their maximum extent in Echinopeplus, where they become
conjoined to form a large plate. The development of these tubercles may be
regulated by a certain gene or gene cluster that can be turned on or off, as
evidenced by the uneven distribution of this trait across multiple tribes.
The most spectacular morphological features of the Brachyolus group
relate to external structures that differ between the sexes. Unusually, these
sexually dimorphic structures are exaggerated most strongly in females.
They are interstria 1 at the top of the elytral declivity, the elytral apex,
the development of the margins of ventrites 4 and 5, and the topology of
ventrite 5 (Figure 2.4). In many cases, multiple traits differ between sexes,
e.g. the apex of the elytra can be produced ventrally as well as having a
lamina on ventrite 4. All five traits can be interpreted as potentially hinder-
ing mating attempts, leading one to speculate that sexual conflict has been a
factor in the evolution of these weevils. Male sexual characters include long,
silky hairs on the venter of I. duplex and C. rubidus, and a strong flange on
the hind leg of C. dehiscens.
The internal male genitalia are as follows. Sternite 8 is composed of a
pair of sclerites connected by a membrane. In some species, a paired sclero-
tised lobe is found originating from the centre of this membrane. This has
been equated with the spiculum relictum by some authors, however further
research is required to ascertain the homology of this structure with that
found in the basal weevils such as Anthribidae (Thompson, 1992; Wanat,
2007). The parameres are well developed, and do not appear to differ sub-
stantially between species. The penis of the Brachyolus group is typically
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Figure 2.4: Diagram illustrating sexually dimorphic traits that are exagger-
rated in females. A, simple elytra and ventrites. This is the configuration of
most males. B, interstria 1 at top of elytral declivity swollen. C, interstria 1
at top of elytral declivity tuberculate. D, elytral apex produced posteriorly.
E, elytral apex produced ventrally. F, margin of ventrite 4 produced into a
lamina covering ventrite 5. G, margin of ventrite 5 produced into horns. H,
ventrite 5 with medial swelling.
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tubular. The apparent ancestral form of the penis seems to be a smoothly
curved tube, with an acute apex (Figure 2.5, A). This has been modified
through becoming short and stout (e.g. Figure 2.5, B–C), or through mod-
ification of the apex of the penis (e.g. 2.5, D–E). The sclerites within the
endophallus are diagnostic for species; in addition, a longitudinal sclerite
(‘ostial sclerite’ of Arzanov (2003)) appears to strengthen the endophallus
when it is everted. The everted endophallus has not been systematically ex-
amined, but useful characters might be present (Arzanov, 2003; Van Dam,
2014), however a few specimens have been examined. These show that the
endophallus of Chalepistes is of tubular form, with the apical area having
several bumps and a strongly sclerotised aggonoporium (Figure 2.6). A flag-
ellum is not present in species of the Brachyolus group. The temones are
frequently longer than the penis.
The internal female genitalia (Figure 2.7) also contain a number of char-
acters of use for distinguishing between species and genera. The bursa cop-
ulatrix usually contains some sclerites, the number and shape of which differ
between genera; Austromonticolus has a single, large sclerite; Alocommatus
usually has two small sclerites; Irenimus usually has two moderate sclerites;
and Chalepistes has 0, 2 (most commonly) or 4 moderately sized sclerites.
These sclerites are likely to interact with the sclerites on the internal sac
of the male, and may form a ‘lock-and-key’ form of interspecific copula-
tory isolation (Shapiro & Porter, 1989), or a counteradaptation for prevent-
ing damage to the genital tract as a result of mating (Ro¨nn et al., 2007).
The gonocoxite is divided into two parts. The proximal gonocoxite is long
(around three times longer than distal gonocoxite) and largely unsclerotised
except for a sclerotised rod (‘baculi’ of Lanteri & del R´ıo (2008)). The distal
gonocoxite (‘coxite’ of Lanteri & del R´ıo (2008)) is lightly sclerotised. The
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Figure 2.6: Aedeagus of Chalepistes similis, with everted endophallus. Top:
dorsal view. Bottom: lateral view. Abbreviations: aggonoporium (ag).
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Figure 2.8: Lateral habitus of Chalepistes patricki, showing the fully ex-
tended ovipositor.
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A B
Figure 2.9: Dorsal view of rostrum, showing shape of epifrons. A: Catoptes
robustus (Sharp, 1886). B: Epitimetes lutosus Pascoe, 1877.
− Apex of hind tibia simple (corbel open), or with a narrow, inconspicuous
bevel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.
2 (1). Bevel on hind tibia clothed with scales or setae . . . . . . . . . . . . . . 3.
− Bevel on hind tibia bare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.
3 (2). Foretibiae strongly spathulate at apex. . . . . . . . . . . . . . . . . . . . . . 4.
− Foretibiae dilated at apex, but not spathulate . . . . . . . . . . . . . . . . . . . 5.
4 (3). Elytral striae prominent. Lobes of tarsal segment 3 reduced. Only
known from Pitt Island, Chatham Islands. . . . . . . . . . Thotmus Broun
− Elytral striae obscure. Lobes of tarsal segment 3 developed, of similar
size to most other entimine weevils. Found in sandy regions throughout
New Zealand, particularly coastal. . . . . . . . . . . . . . . . . Cecyropa Pascoe
5 (3). Trochanteral setae present . . . . . . . . . . . . . . . . . . . Irenimus Pascoe
− Trochanteral setae absent . . . . . . . . . . . . . . . . . . . . . . . . . Leptopius Oke
6 (2). Epifrons narrowest at, or posterior to antennal insertion (Figure
2.9A). Dorsal vestiture consisting primarily of glossy, circular, appressed
scales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.
2.5. KEY TO THE DESCRIBEDGENERAOF NEWZEALAND ENTIMINAE41
− Epifrons narrowest anteriorly of antennal insertion (Figure 2.9B). Dor-
sal vestiture consisting primarily of dull, narrow, trichiform scales. . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.
7 (6). Elytral humeri prominent. Epistome flat, not raised above frons.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nonnotus Sharp
− Elytral humeri rounded, not prominent. Epistome raised above frons
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Catoptes Scho¨nherr
8 (6). Elytra with prominent postero-lateral tubercles, giving a rectangu-
lar appearance. Lower margin of scrobe sharply defined, with a carina
that leads under the eye. . . . . . . . . . . . . . . . . . . . . . . Lyperobates Broun
− Elytra without prominent postero-lateral tubercles, though smaller tu-
bercles may be present; elytra oval in shape. Lower margin of scrobe
not sharply defined, without a carina that leads under the eye . . . . 9.
9 (8). Base of elytra wider than pronotum, humeral angles somewhat
produced forward. Scutellum triangular, inconspicuous. . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Epitimetes Pascoe, Thesius Broun
− Base of elytra as wide as pronotum, humeral angles not produced for-
ward. Scutellum semicircular, covered with golden scales that contrast
with brown scales of elytra and pronotum. . . . . . . . . Homodus Broun
10 (1). Procoxae contiguous, the prosternal process visible as a small “but-
ton” behind the coxae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.
− Procoxae widely separated, the prosternal process visible between the
coxae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Mandalotus Erichson
11 (10). Both elytral interstriae 3 and 5 produced into large tubercles that
are directed dorsally. Epistome clearly differentiated from surrounding
rostrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.
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− Elytral interstriae 3 and 5 usually not both tuberculate, at most only
with smaller tubercles that are directed posteriorly. Epistome variable,
often not clearly differentiated from surrounding rostrum. . . . . . . . 14.
12 (11). Rostrum long and narrow, over 1.4 times longer than wide. . . . 13.
− Rostrum shorter and broader, less than 1.4 times longer than wide.
Elytral tubercles separated. Overall colour brown, with conspicuously
pale rostrum and elytral declivity. . . . . . . . . . . . . . . Agatholobus Broun
13 (12). Elytral tubercles conical. Eyes convex. . . . . . . Eurynotia Broun
− Elytral tubercles joined to form an oblique ridge. Eyes flat. . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Echinopeplus Broun
14 (11). Metanepisternal suture complete . . . . . . . . . . . . . . . . . . . . . . . . . 15.
− Metanepisternal suture invisible or incomplete . . . . . . . . . . . . . . . . . 21.
15 (14). Eyes protuding, with greater curvature than the rest of the head.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.
− Eyes evenly convex, having the same curvature as the remainder of the
head. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.
16 (15). Epistome raised above surrounding parts of the rostrum. Large
alpine species in North Island. . . . . . . . . . . . . . . . . . . . . . Sargon Broun
− Epistome level with surrounding part of rostrum. Found only in the
subantarctic islands. . . . . . . . . . . . . . . . . . . . . . . Catodryobiolus Brookes
17 (15). Ocular vibrissae absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.
− Ocular vibrissae present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19.
18 (17). All tibiae with prominent denticles on ventral surface. Elytral
interstriae usually flat, occasionally interstriae 1, 3 and 5 subcostate
posteriorly. Found only in the subantarctic islands. . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oclandius Blanchard
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− Tibiae without denticles. Elytral interstriae 1, 3, and 5 subcostate along
entire length. Alpine species found in Otago. . . . Zenagraphus Broun
19 (17). Smaller weevils, less than 9 mm in length. Elytra with strial
punctures small, circular or oval; interstriae flat . . . . . . . . . . . . . . . . 20.
− Larger weevils, greater than 9 mm in length. Elytra with strial punc-
tures large, subquadrate; interstriae subcostate. . . . Inophloeus Pascoe
20 (19). Elytra with a well-developed tubercle on interstria 5 at the elytral
declivity. Posterior (inside) face of hind tibia covered with scales. . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Brachyolus White
− Elytra without tubercle on interstria 5. Posterior face of hind tibia
bare. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Austromonticolus n. gen.
21 (14). Medium sized to small weevils, less than 10 mm in length. Dorsum
densely covered with scales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.
− Large weevils, greater than 10 mm in length. Dorsum largely bare.
Only on Auckland and Campell Islands. . . . . . . . . . . . Heterexis Broun
22 (21). Dorsal vestiture consisting primarily of dull, narrow, trichiform
scales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.
− Dorsal vestiture consisting primarily of glossy, circular, appressed scales;
or dorsum bare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.
23 (22). Elytra covered with conspicuous, erect scales around three times
longer than the trichiform scales that cover the integument. Apex of
elytra rounded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Paelocharis Broun
− Elytra without conspicuous, erect scales. Apex of elytra tapering . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.
24 (23). Underside of head evenly curved . . . . . . . . . . . Phaeocharis Broun
− Underside of head angulate . . . . . . . . . . . . . . . . . . . . . Hygrochus Broun
44 CHAPTER 2. TAXONOMY
25 (22). Rostrum not narrowed posterior of antennal insertion. Male ter-
gite 7 unevenly sclerotised, having a medial weakly sclerotised region
bounded by two heavily sclerotised longitudinal lines. . . . . . . . . . . . 26.
− Rostrum narrowed posterior of antennal insertion. Male tergite 7 evenly
sclerotised. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27.
26 (25). Ocular lobes present. Outer margin of antennal insertion curved,
forming pterygia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Haplolobus Broun
− Ocular lobes absent. Outer margin of antennal insertion straight, ptery-
gia absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nicaeana Pascoe
27 (25). Pronotum widest anteriorly, sides subparallel posteriorly. Scrobes
restricted to dorsal half of rostrum in lateral view. . . . . . . . . . . . . . . 28.
− Pronotum widest around midpoint, convergent posteriorly. Scrobes de-
scending to ventral half of rostrum in lateral view. . . . . . . . . . . . . . . 29.
28 (27). Eyes outlined with a narrow groove. Pronotum with strong lon-
gitudinal fold on the posterior third (basal fold, Figure 2.10). Frons
strongly declivous. . . . . . . . . . . . . . . . . . . . . . . . . . Alocommatus n. gen.
− Eyes without narrow groove outlining the eye. Pronotum without lon-
gitudinal fold on the posterior third, or with only a weak fold. Frons
level with epifrons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Neoevas Broun
29 (27). Apex of foretibia expanded ventrally into a broad, triangular tooth.
Rostrum below the antennal insertion in lateral view with round ap-
pressed scales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Protolobus Sharp
− Apex of foretibia not expanded to the same extent, armed with an acute
mucro. Rostrum below the antennal insertion in lateral view without
round appressed scales. . . . . . . . . . . . . . . . . . . . . . . . Chalepistes n. gen.
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Figure 2.10: Generalised diagram of the pronotum, showing regions of topo-
logical importance.
2.6 Irenimus Pascoe 1876
Irenimus Pascoe, 1876: 54. Type species: Irenimus parilis Pascoe, 1876: 54, by monotypy. Gender:
masculine.
Diagnosis: Metanepisternum narrow, suture complete. Posterior face of
hind femur without sharp demarcation between scaled region and area with-
out scales. Hind tibia with a narrow to wide corbel, and a distinctively
shaped comb. Penis with a dorsal plate.
Distribution: Found in Canterbury and Otago, with a disjunct population
in the central North Island (Figure 2.13).
Etymology: Pascoe (1876) did not explain how the name was derived. It
may be derived from the Greek eirene, meaning ‘peace’, and the Latin suffix
-imus meaning ‘having the quality of’.
Remarks: The complete dorsal plate of the penis is a strong apomorphy
for Irenimus. However, all external characters that distinguish the genus are
all plesiomorphic.
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Figure 2.11: Habitus images of Irenimus parilis. Top: dorsal. Bottom:
lateral.
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Figure 2.13: Distribution of Irenimus throughout New Zealand.
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2.6.1 Key to species of Irenimus
1. Scape clothed with setae only. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.
− Scape clothed with appressed scales as well as setae. . . . . . . . . . . . . . 4.
2 (1). Ventral margin of hind tibial apex with a strong, conspicuous
emargination. Elytra with upright scales mostly decumbent. Abdomi-
nal ventrite 1 with few pappolepida, clothed primarily with appressed
scales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. stichus
− Ventral margin of hind tibial apex entire or with an inconspicuous
emargination. Elytra with upright scales semi-erect to erect. Vestiture
of abdominal ventrite 1 dominated by numerous pappolepida. . . . . . 3.
3 (2). Upright scales of pronotum of equal length. . . . . . . . . . . I. aniptus
− Upright scales of pronotum longer towards anterior margin. . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. crinitus
4 (1). Larger species, larger than 4 mm. . . . . . . . . . . . . . . . . . . . . . . . . . . 5.
− Smaller species, smaller than 4 mm. . . . . . . . . . . . . . . . . . . I. minimus
5 (4). Outer bevel of hind tibia slender . . . . . . . . . . . . . . I. duplex Broun
− Outer bevel of hind tibia broad. Anterior margin of hind tibial apex
emarginate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. parilis Pascoe
1. Irenimus sp. 1 ‘aniptus’ new species
Diagnosis: Medium sized species, 4.07 mm to 4.31 mm (X¯ = 4.2 mm, s
= 0.12, n = 3); oval; grey, often with encrustation of dirt. Scape without
appressed scales. Lateral metaventrite with appressed scales. Elytra with
inconspicuous swelling on interstria 3. Male ventrite 1 slightly depressed.
Female ventrites simple.
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Appressed scales with coarse ridges, resulting in the overall appearance
of a duller species than I. crinitus
Material examined: A total of 22 specimens examined (2 male, 3 female,
17 unsexed).
Distribution: South Island: — / DN / —
DN: Airedale; Ngapara; Oamaru; Weston.
Etymology: Derived from the Greek aniptos meaning ‘unwashed’, in ref-
erence to the frequent encrustation of dirt.
2. Irenimus duplex (Broun, 1904) new combination
Catoptes duplex Broun, 1904b: 110 BHL
Diagnosis: Medium to large species, 4.46 mm to 6.87 mm (X¯ = 5.81 mm,
s = 1.02, n = 4); lens shaped to ovate; grey. Scape with appressed scales.
Elytra with interstria slightly swollen, almost tuberculate in some females.
Hind femur with posterior face densely scaled, without area without scales.
Males with ventrite 1 depressed; trichia on venter and distal half of hind
tibia long and silky. Female ventrites simple.
Material examined: A total of 152 specimens examined (14 male, 7
female, 131 unsexed).
Distribution: South Island: — / SC, MK, CO, DN / —
SC: Little Roderick. MK: Benmore; Black Forest Stream; Haldon Spurs;
Hydro Road; Lake Tekapo; Lindis Pass; Moffatt Stream; Otematata; Quail-
burn Road; Stony River; The Wolds Station. CO: Alexandra; Beattie Road;
Central Otago; Copburn; Crawford Hills Rd; Cromwell; Earnscleugh; Flat
Top Hill; Gentle Annie Creek; Hyde; Kawarau Gorge; Lindis Pass; Look-
out, Old Man Range; Lower Manor Burn Dam; Manorburn; Mt Grandview;
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Old Man Range; Omakau; Ophir; Ophir Saddle; Queensberry Dam Site;
Raggedy Range; Roaring Meg; Sandflat Rd; Wedderburn. DN: Oamaru.
3. Irenimus sp. 2 ‘crinitus’ new species
Diagnosis: Medium sized species, 3.46 mm to 4.01 mm (X¯ = 3.79 mm,
s = 0.29, n = 3), oval, grey to dark brown, variably patterned with darker
scales. Scape without appressed scales. Upright scales on the pronotum
longer toward anterior margin. Lateral metaventrite with dense pappolep-
ida. Elytra with inconspicuous swelling on interstria 3. Male ventrite 1
strongly depressed. Female ventrites simple, ventrite 5 swollen medially.
Appressed scales with fine ridges, resulting in the overall appearance of
a more glossy species than I. aniptus. The fore femorae of the male appear
larger than in other species.
Material examined: A total of 35 specimens examined (4 male, 7 female,
24 unsexed).
Distribution: South Island: — / SC / —
SC: Hakataramea Valley; Timaru.
Etymology: Derived from the Latin crintus meaning ‘long-haired’, in
reference to the long upright scales at the anterior of the pronotum.
4. Irenimus sp. 3 ‘minimus’ new species
Diagnosis: Small species, 3.16 mm to 3.56 mm (X¯ = 3.33 mm, s = 0.2,
n = 4), oval, grey to dark brown. Scape with appressed scales. Elytra with
upright scales setiform, erect; appressed scales not overlapping. Female
ventrites simple, ventrite 5 swollen medially. Inside surface of hind femur
covered with metallic scales.
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Material examined: A total of 4 specimens examined (1 male, 3 female,
0 unsexed).
Distribution: South Island: — / CO / —
CO: Alexandra; Clyde Lookout.
Etymology: From the Latin minimus, ‘least’, in reference to is small size,
being the smallest known species of Irenimus
Remarks: This species is most likely to be confused with species of
Chalepistes and Protolobus, especially the sympatric C. confusus and C.
inundans, than other species of Irenimus.
5. Irenimus parilis Pascoe 1876
Figs. 2.11, 2.12
Irenimus parilis Pascoe, 1876: 54 BHL
Diagnosis: Medium to large species, 4.41 mm to 6.95 mm (X¯ = 5.8 mm, s
= 1.3, n = 4); ovate, grey. Scape with appressed scales. Elytra with a slight
swelling on interstria 3. Male ventrite 1 depressed. Female with ventrites
simple. Metatibial apex with a broad bevel and a ventral notch.
Material examined: A total of 115 specimens examined (5 male, 9 female,
101 unsexed).
Distribution: North Island, South Island: TO, RI, WI / NC, MC / —
TO: Ruapehu. RI: Pohangina Valley; Vinegar Hill. WI: Ashhurst. NC:
Waikuku; Weka Pass. MC: Christchurch; Halkett Rd; Harewood; Lincoln;
Port Hills; Templeton Research Farm; Waimakariri Rd; West Melton.
Remarks: The disjunct distribution of this species is intriguing. Inspection
of male genitalia of specimens from Ruapehu and the Pohangina Valley
confirm that the North Island populations are conspecific with specimens
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from Christchurch. It is hypothesised here that the North Island populations
are a human-assisted introduction from a South Island source population.
6. Irenimus sp. 4 ‘stichus’ new species
Diagnosis: Small to medium sized species, 3.22 mm to 4.8 mm (X¯ =
3.97 mm, s = 0.72, n = 4); oval; dark grey to light grey, with mottling on
the dorsum. Pronotum with lateral margins evenly curved. Scape without
appressed scales. Elytra without interstria 3 flat, upright scales decumbent.
Abdominal ventrites dominated by glossy, appressed scales and with few
pappolepida. Male ventrite 1 flat. Female ventrites simple.
Material examined: A total of 127 specimens examined (10 male, 6
female, 111 unsexed).
Distribution: South Island: — / MC, MK / —
MC: Tekapo. MK: Burke Pass; Curraghmore Station; Lake Tekapo; Macken-
zie Pass; Mt Cox; Ohau River; Stony River.
Etymology: Derived from the Greek stichos meaning ‘line’ or ’row, in
reference to the visible metanepisternal suture.
2.7 Chalepistes new genus
Chalepistes new genus. Type species: Catoptes compressus Broun, 1880: 429, here designated.
Gender: masculine.
Diagnosis: Ocular lobes present, occasionally inconspicuous. Metanepis-
ternal suture absent. Posterior face of hind femur usually with sharp de-
marcation between scaled region and large area without scales. Hind tibia
with apex simple or with narrow outer bevel (corbel narrowly closed).
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Distribution: Found throughout New Zealand, with most species found
south of Canterbury (Figure 2.16).
Etymology: Derived from the Greek chalepos, ‘difficult, harsh, trouble-
some’, and the suffix -pistes, denoting agency, together forming ‘trouble
bringer’ in reference to the convoluted taxonomic history of the genus.
Remarks: Chalepistes has few clear apomorphies not shared by other
genera. The lack of a metanepisternal suture is the clearest external apo-
morphy uniting the members of the genus; but this character is shared with
Alocommatus, which is not closely related (See Chapter 3). The strongly de-
marked unscaled region on the hind femur also appears to be an apomorphic
character, however this is not shared by all species within the genus.
A key to the species of Chalepistes has not yet been completed, due to
the difficulty of finding unambiguous characters that unite many species for
quickly narrowing down the possibilities in early couplets.
1. Chalepistes aequalis (Broun, 1895)
Figs. 2.2, 2.17
Catoptes aequalis Broun, 1895: 407 BHL
Irenimus aequalis (Broun); Kuschel, 1969: 805
Catoptes carinalis Broun, 1914: 207 (Synonymy Kuschel, 1969: 805) BHL
Diagnosis: Small to medium sized species, 3.12 mm to 4.37 mm (X¯ =
3.74 mm, s = 0.51, n = 4); ovate; grey to light grey with pale chevron on
elytral declivity. Elytra clothed with erect, setiform upright scales, interstria
3 flat or only slightly swollen. Metaventrite and abdominal ventrites with
extensive pappolepida. Male ventrite 1 slightly depressed. Female ventrites
simple, ventrite 5 flat.
Distinguished from C. spermophilus by having interstria 3 flat (not swollen),
antennal segments 1 and 2 shorter and broader (not elongate), and having
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Figure 2.14: Habitus images of Chalepistes compressus. Top: dorsal. Bot-
tom: lateral.
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Figure 2.16: Distribution of Chalepistes throughout New Zealand.
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the elytral upright scales setiform (not clubbed). Distinguished from C.
compressus by being smaller, having interstria 3 flat (not swollen), metaven-
trite and abdominal ventrites with extensive pappolepida (vs. pappolepida
sparsely distributed).
Material examined: A total of 1088 specimens examined (30 male, 43
female, 1015 unsexed).
Distribution: North Island, South Island, Offshore Islands: AK, WO, BP,
TO, TK, RI, WI, WN / SD, NN, MB, KA, NC, MC, SC, CO / CH.
AK: Papakura. WO: Cambridge; Hamilton; Hinuera; Horahora; Ohaupo;
Otorohanga; Te Awamutu; Te Kuiti; Te Puninga. BP: Te Aroha. TO:
Ohakune; Taumarunui. TK: Hawera; Manaia; Normanby; Opunake. RI:
Massey University. WI: Feilding; Kimbolton; Longburn; Palmerston North;
Wanganui. WN: Lowry Bay; Wainuiomata River; Wellington. SD: French
Pass; Rai Valley. NN: Belgrove; Best Island; Monaco; Pretty Bridge Valley.
MB: Marlborough. KA: Oaro. NC: Ashley Forest; Balcairn; Balmoral For-
est; Cheviot; Eyrewell; Eyrewell Forest; Omihi; Rangiora; Waipara. MC:
Akaroa; Ashburton; Ashburton River Mouth; Ashley Dene; Bankside Sci-
entific Reserve; Birdlings Flat; Canterbury University; Cashmere; Cass;
Chamberlains Ford; Chertsey; Christchurch; Coes Ford; Darfield; Dun-
sandel; Eiffelton; Glenstrae Rd; Greenpark; Greenpark Huts; Halswell; Hill-
top; Hornby; Hororata; Kaituna Valley; Killinchy; Kirwee; Korowai/Torlesse
Tussockland Park; Kyle; Lake Coleridge; Lake Evelyn; Lake Forsyth; Lake
Sarah; Langley; Leeston; Lincoln; McQueens Valley; Methven; Moa Basin;
Montgomery Scenic Reserve; Mt Algidus; Mt Cavendish; Mt Evans; Mt
Findlay/Point Hill; Northbank; Old West Coast Rd; Orton Bradley Re-
serve; Papanui; Peak Hill; Pendarves; Pigeon Bay; Porters Pass; Port Levy
Saddle; Price’s Bush; Pudding Hill; Purau; Rakaia; Riccarton Bush; Roto
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Diagnosis: Medium sized species, 3.9 mm to 5.1 mm (X¯ = 4.57 mm, s =
0.48, n = 6); lens shaped; dark brown with pale scales scattered over elytra.
Upright scales on pronotum and elytra lanceolate, semi-erect.
Material examined: A total of 11 specimens examined (2 male, 5 female,
4 unsexed).
Distribution: South Island: — / CO / —
CO: Hawkdun Range; Mt Bitterness; Mt Ida Range.
Etymology: Derived from the Greek agalliasis meaning ‘great joy’, an
indication of the author’s emotions when he found specimens of this species
in the field.
3. Chalepistes albosparsus (Broun, 1917) new combination
Figs. 2.18
Catoptes albosparsus Broun, 1917: 415 BHL
Diagnosis: Small to medium species, 3.04 mm to 4.03 mm (X¯ = 3.61
mm, s = 0.29, n = 10). Base colour brown-grey with scattered darker and
paler scales; pale scales forming a dorso-lateral patch on the basal half of
the pronotum, small patch on anterior margin of elytra opposite pronotum;
disc of pronotum with oval patch of pale scales medially, surrounded by a
margin of darker scales that proceeds to the base of the pronotum medially.
Scutellum clothed with dense white scales, slightly projecting above elytra.
Elytra and pronotum with semi-erect clubbed upright scales. Elytra without
tubercles or swellings. Lateral metaventite and abdominal ventrites with
appressed scales; pappolepida sparse. Males and females with 2–5 obvious
denticles arising from the ventro-posterior face of the hind tibia.
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Distribution: South Island: — / CO / —
CO: Umbrella Mountains.
Etymology: Derived from the Latin anas, ‘duck’, and basilica, ‘colonnaded
public building, palace’. An attempt to evoke the author’s memories of the
type locality, Gem Lake.
5. Chalepistes apicalis (Broun, 1923) new combination
Figs. 2.5
Catoptes apicalis Broun, 1923: 691 BHL
Diagnosis: Medium sized species, 3.47 mm to 4.37 mm (X¯ = 3.92 mm, s
= 0.38, n = 5). Brown, with paler elytral declivity. Elytral declivity nearly
vertical. Elytral interstria 3 and 5 swollen, nearly tuberculate. Female with
margin of ventrite 4 produced into a lamina.
Distinguished from C. lobatus by having the pronotum evenly curved
dorsally (without a medial impression).
Material examined: A total of 187 specimens examined (17 male, 20
female, 150 unsexed).
Distribution: South Island: — / SD, NN, MB / —
SD: D’Urville Island; French Pass; Kapowai; Lighthouse; Long Island; Orr
Hill; Picton; Port Underwood Saddle; Shakespeare Bay; Ship Cove; Stephens
Island; Te Kakaho. NN: Whangamoa Saddle. MB: Ship Cove.
Remarks: The development of the lamina on the 4th ventrite of females
varies considerably. In specimens from Long Island and Port Underwood,
the lamina covers the entire 5th ventrite, while in specimens from Stephens
Island, the lamina is much smaller, covering only the basal 1/3 of ventrite
5.
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6. Chalepistes sp. 7 ‘armstrongae’ new species
Diagnosis: Medium species, 3.55 mm to 4.8 mm (X¯ = 4.32 mm, s =
0.43, n = 12); ovate shaped; light greyish brown. Pronotum with ocular
lobes prominent. Lateral metaventrite with dense, overlapping appressed
scales. Elytra with swellings on interstriae 3 and 5 above the elytral declivity.
Female ventrite 5 with paired tubercles basally, concave apically.
Material examined: A total of 14 specimens examined (5 male, 9 female,
0 unsexed).
Distribution: South Island: — / OL / —
OL: Mt Dick.
Etymology: This species is named after Karen Armstrong (Lincoln Uni-
versity) in gratitude for her supervision, advice and friendship.
7. Chalepistes asperatus (Broun, 1914) new combination
Brachyolus asperatus Broun, 1914: 209 BHL
Brachyolus fuscipictus Broun, 1914: 210 New synonym BHL
Brachyolus terricola Broun, 1917: 417 New synonym BHL
Diagnosis: Medium, 3.71 mm to 5.35 mm (X¯ = 4.44 mm, s = 0.54, n =
6); ovate. Grey with black chevron on top of declivity. Scape with scales.
Rostrum with scales forward of antennal insertion. Pronotum rugose, with
strong basal folds. Elytra rugose; interstriae 3 and 5 produced into tubercles
at top of declivity; interstria 1 swollen around halfway down declivity. Male
ventrite 1 slightly depressed. Female ventrites simple, ventrite 5 flat.
Distinguished from C. costifer by having interstrial tubercles 3 and 5
separate, the sutural region at the top of the elytral declivity convex, and a
less distinct colour gradient at the top of the declivity.
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Material examined: A total of 75 specimens examined (12 male, 8 female,
55 unsexed).
Distribution: North Island, South Island: WN / KA, NC, MC, SC / —
WN: Levin; Upper Hutt. KA: Mt Fyffe; Mt Fyffe carpark; Oaro. NC:
Glentui. MC: Alford Forest; McClennans; McLennans Bush; Moa Basin;
Mt Algidus; Mt Findlay/Point Hill; Mt Hutt; Mt Somers; Riccarton Bush.
SC: Mt Peel.
8. Chalepistes sp. 8 ‘barrattae’ new species
Diagnosis: Medium to large species, 5.23 mm to 6.27 mm (X¯ = 5.77
mm, s = 0.26, n = 13); lens shaped; dark grey to brown, often mottled
with darker scales, elytral declivity light grey with darker chevron at top.
Elytra with upright scales semi-erect to decumbent, club shaped; without
tubercles. Lateral metaventrite with appressed scales, abdominal ventrites
with dense pappolepida. Hind tibia with several denticles. Male ventrite 1
slightly depressed. Female with elytral apex produced ventrally; ventrite 3
with posterior margin produced into a short, broad lamina; ventrite 4 with
posterior margin produced into a broad, shallowly bifurcate lamina with
obtuse lateral angles; ventrite 5 concave.
The larger body size of C. barrattae, when compared with C. hollowayae,
is evidenced most clearly by it having a longer rostrum. The rostrum in C.
barrattae ranges from 1.12 mm to 1.36 mm (X¯ = 1.22 mm, s = 0.07, n
= 13), compared with a length of 1.00 mm to 1.18 mm in C. hollowayae.
However, the relative length is not different between the two species (C.
barrattae rostrum/body length ratio 0.19 to 0.23 (X¯ = 0.21, s = 0.01, n =
13))
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Material examined: A total of 40 specimens examined (26 male, 12
female, 2 unsexed).
Distribution: South Island: — / CO / —
CO: Umbrella Mountains.
Etymology: This species is named after Barbara Barratt (AgResearch
Invermay) in gratitude for her supervision, advice and friendship.
Remarks: This species is found at slightly higher altitudes in the Umbrella
Ranges than C. hollowayae, and was found in Brachyglottis leaf litter and
on Phyllachne cushions.
9. Chalepistes sp. 9 ‘canaster’ new species
Diagnosis: Small species, 3.17 mm to 3.66 mm (X¯ = 3.45 mm, s = 0.16,
n = 8); oval; grey to light brown with highlights of silvery scales. Female
with paired tubercles on ventrite 5. Elytra without tubercles on interstria 3
or 5.
Material examined: A total of 40 specimens examined (18 male, 17
female, 5 unsexed).
Distribution: South Island: — / CO / —
CO: Obelisk Range; Old Man Range.
Etymology: The species epithet is derived from the Latin canaster mean-
ing ‘grizzled’, in reference to the colouration of the species.
10. Chalepistes sp. 10 ‘coleridgensis’ new species
Diagnosis: Medium, 4.07 mm to 4.67 mm (X¯ = 4.43 mm, s = 0.32, n = 3);
grey to brownish grey with darker mottling, elytral declivity pale. Lateral
metaventrite and abdominal ventrites with dense, overlapping pappolepida.
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Elytra with upright scales erect, setiform; declivity abrupt, nearly vertical.
Female ventrite 5 with large, paired tubercles with a convex posterior face.
Material examined: A total of 11 specimens examined (2 male, 8 female,
1 unsexed).
Distribution: South Island: — / MB, MC / —
MB: Lake Sedgemere. MC: Broken River; Lake Coleridge; Mt Algidus.
Etymology: Named after the type locality, Lake Coleridge.
11. Chalepistes sp. 11 ‘confusus’ new species
Diagnosis: Small, 2.6 mm to 3.4 mm (X¯ = 3.03 mm, s = 0.33, n =
4). Scape covered with appressed scales. Elytra with upright scales club
shaped, semi-erect; appressed scales overlapping. Hind femur with inside
surface covered with metallic scales. Female ventrites simple.
Material examined: A total of 4 specimens examined (1 male, 3 female,
0 unsexed).
Distribution: South Island: — / CO / —
CO: Alexandra.
Etymology: Derived from the Latin confusio, ‘mixture, disorder’, in ref-
erence to its similarity with other small weevils in the genera Irenimus and
Protolobus.
12. Chalepistes compressus (Broun, 1880)
Figs. 2.14, 2.15
Catoptes compressus Broun, 1880: 429 BHL
Irenimus compressus (Broun); Kuschel, 1969: 800
Catoptes attenuatus Broun, 1883: 430 (Synonymy Kuschel, 1969: 800) BHL
Catoptes cheesmani Broun, 1893b: 1191 (Synonymy Kuschel, 1969: 800) BHL
Irenimus tibialis Broun, 1886: 854 (Synonymy Kuschel, 1969: 800) BHL
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Diagnosis: Medium to large species, 5.41 mm to 6.15 mm (X¯ = 5.7 mm, s
= 0.34, n = 4); ovate; brown, frequently with dark mottling; lighter chevron
on elytral declivity. Elytra with semi-erect to erect, setiform upright scales;
interstriae 3 and 5 swollen. Metaventrite and abdominal ventrites with ap-
pressed scales, pappolepida sparse. Male ventrite 1 depressed, ventrite 5
with medial furrow. Female ventrite 5 with medial furrow.
Distinguished from C. spermophilus by having the metatibia with dorsoven-
tral margins parallel (not widening), inconspicuous denticles on the fore tibia
(vs conspicuous denticles on the fore and mid tibiae). On average, the ely-
tra are longer and narrower, and the club is shorter and thicker; interstria
1 around scutellum raised; abdominal ventrite 1 behind coxa with sparse
pappolepida, vestiture primarily appressed scales.
Material examined: A total of 1001 specimens examined (24 male, 28
female, 949 unsexed).
Distribution: North Island, South Island, Offshore Islands: ND, AK, CL,
WO, BP, GB, TO, TK, HB, RI, WI, WN, WA / SD, NN, BR, MB, MC,
OL, DN / KE
ND: Aorangi; Fanal Island; Lady Alice Island; Lizard Isle; Mangawhai
Heads; Marotiri Islands; Maunu; Mokohinau Islands; Paiaka; Taranga (Hen)
Island; Tawhiti Rahi Island; Trig Island; Trig Island (Atihau); Whale Island
(Tuputupungahau Island); Whangarei. AK: Auckland; Bethells Beach; Din-
gle Dell; Epsom; Kaitarakihi Beach; Kauri Gully; Mangemangeroa Reserve;
Matuku Reserve; Motuhoropapa Island; Mount Mangere; Mt Albert; Mt
Smart Domain; Muriwai Beach; Otata Island; Remuera; Titirangi; Waiau
Pa; Waiuku; Waiwera; Woodhill State Forest. CL: Caretaker’s Garden;
Cooks Beach; Cook Stream Estuary; Cuvier Island; Cuvier Island Settle-
ment; Green Island; Hongiora; Junction Island; Korapuki Island; Land-
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ing Bay; Little Barrier Island; Mercury Bay; Middle Island; Opakau Is-
land; Rolly Poly Bay; Ruamahuaiti Island; Ruamahuanui Island; Saddle
Island; Titoki Point Cemetary; Tuatara Bay; Wilson Peak. WO: Hamil-
ton; Horahora; Manu Bay; Okauia; Te Awamutu; Waihou River. BP:
Aroarotamahine; Karikaria Point; Lottin Point; Mamaku; Mayor Island;
Moutohora Island; Mt Maunganui; Oira Bay; Paengaroa; Papatea Bay;
Puranui Stream Rd; Rereauira; Rotorua; Tarukenga; Te Koau; Te Puke;
Te Rereauira; Tokata. GB: Motu; Wainui Beach; Wairoa. TO: Desert
Road; Lake Otamangakau; Ohakune. TK: Hawera; Mt Messenger; New
Plymouth; Niho Niho; Stratford. HB: Awatoto; Hastings; Hawera; Lit-
tle Bush, Puketitiri; Motu-o-Kura; Napier; Omaranui; Waipukurau. RI:
Bledisloe Park; Manawatu Gorge; Ohakune; Pohangina Valley; Stewart Re-
serve; Vinegar Hill; Wharite. WI: Foxton; Kairanga; Palmerston North;
Pori; Pukepuke Lagoon; Waitotara; Whangaehu. WN: ; Brooklyn; Feath-
erston; Kapiti; Karori; Khandallah; Kimberley Road; Levin; Lowry Bay;
Lyall Bay; Makara; Mana Island; Martinborough; Naenae; Orongoorongo
Beach; Otaki; Paekakariki Beach; Red Rocks; Rocky Bay; Silverstream;
Somes Island; Stokes Valley; Stuart Park; Taita; Tinakori Hill; Titahi Bay;
Tongue Point; Tuhitarata; Waiopehu Reserve; Wellington; Wellington Cen-
tral Park; Whitby. WA: Dannevirke; Khandallah Reserve; Kilbirnie; Mas-
terton; Petone; Turanganui River; Wellington. SD: Bay of Many Coves;
Duffers Reef; D’Urville Island; French Pass; Mabel Island; Maud Island;
Mid Trios Islands; Nelsons Monument; North Brother Island; Opouri; Oru-
awairua Island; Port Liger; Rarangi; Sentinel Rock; Stephens Island; Te
Kakaho; The Brothers Islands; Titi Island (Motu Ngaratiti); Waikawa Bay.
NN: Cerna Orchard; Fossil Point; Glen Nelson; Kaihoka Lakes; Nelson;
Pohara; Pretty Bridge Valley; West Nelson. BR: Rapahoe. MB: Island
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Saddle; Pelorus Bridge. MC: Birdlings Flat. OL: Makarora. DN: Brad-
ford. KE: Meyer Island; Raoul Island; Station.
Remarks: This species is presumably adventive to Raoul Island, where
it is apparently rare. Relatively few specimens have been collected; and no
specimens were taken on a recent (2012) expedition to the island (W. Chinn
pers. comm.). It would be an interesting study to investigate the population
genetics of this species, and attempt to identify the source population of the
Kermadec Island population.
13. Chalepistes costifer (Broun, 1886) new combination
Inophloeus costifer Broun, 1886: 932 BHL
Brachyolus cervalis Broun, 1903: 74 New synonym BHL
Brachyolus sylvaticus Broun, 1910: 61 New synonym BHL
Diagnosis: Medium, 4.07 mm to 4.8 mm (X¯ = 4.45 mm, s = 0.28, n =
6); ovate. Grey with black chevron on top of declivity, with white scales
covering the declivity. Scape with scales. Pronotum with strong basal folds.
Elytral interstriae 3 and 5 produced into partially conjoined tubercles at top
of declivity; interstria 7 produced into a swelling on the declivity; interstria
1 swollen around halfway down declivity. Male ventrite 1 slightly depressed.
Female ventrites simple, ventrite 5 flat.
Distinguished from C. asperatus by the tubercles on interstriae 3 and
5 partially conjoined, by the top of the declivity between the tubercles on
interstriae 3 being concave or flat, by the apex of the elytra being obovate
(notched), by interstria 7 below the declivity being swollen to a greater
extent than interstria 9, and by having an abrupt colour change on the
declivity.
Material examined: A total of 219 specimens examined (8 male, 6 female,
205 unsexed).
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Distribution: North Island: AK, CL, WO, TO, HB, RI, WI, WN / — /
—
AK: Bethells Beach; Huia; Karekare; Waiwera; Warkworth; Woodhill. CL:
Kakatarahae; Little Windy Hill. WO: Otewa; Otewa Gorge. TO: Erua;
Iwikau; Kaimanawa North Forest Park; Ketetahi Hot Springs; Mangahuia
Bridge; Mangawhero; Maungahuia; Mt Ruapehu; National Park; Ohakune;
Ohakuni Track; Ruapehu; Taranaki Falls; Taurewa; Tawhai Falls; Waimarino;
Whakapapa Village. HB: Kaweka Rd; Maropea Hut; Ngahere Basin; Po-
hokura; Wakarara. RI: Hautapu Gorge; Kitchener Park; Ohakune; Otai-
hape Scenic Reserve; Palmerston North; Pohangina Valley. WI: Oio. WN:
Days Bay; Eastbourne; East Harbour Regional Park; Gollans Valley; Hutt
Valley; Johnsonville Hill; Kapiti; Karori Wildlife Sanctuary; Khandallah;
Khandallah Reserve; Levin; Orongorongo Valley; Rimutaka Ranges; Silver-
stream; Wellington.
14. Chalepistes sp. 12 ‘cruickshanki’ new species
Diagnosis: Medium sized species, 3.84 mm to 4.35 mm (X¯ = 4.02 mm,
s = 0.24, n = 4); oval. Lateral metaventrite with appressed scales. Elytra
without tubercles on interstria 3 or 5, upright scales club shaped, semi-erect.
Female ventrite 5 flat.
Material examined: A total of 4 specimens examined (1 male, 3 female,
0 unsexed).
Distribution: South Island: — / SC / —
SC: Kirkliston Range.
Etymology: This species is named after Rob Cruickshank (Lincoln Uni-
versity) in gratitude for his supervision, advice and friendship.
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15. Chalepistes curvus (Barratt & Kuschel, 1996) new com-
bination
Irenimus curvus Barratt & Kuschel, 1996: 363
Diagnosis: Small, 2.52 mm to 3.04 mm (X¯ = 2.73 mm, s = 0.2, n = 5),
oval; grey. Elytra with upright scales setiform, decumbent. Male ventrite 1
slightly depressed. Female ventrite 5 with large, medially bifurcate tubercle.
Material examined: A total of 58 specimens examined (5 male, 17 female,
36 unsexed).
Distribution: South Island: — / CO / —
CO: Flat Creek; Loganburn Reservoir; Rock and Pillar Range; Rough Ridge.
16. Chalepistes dehiscens (Broun, 1917) new combination
Catoptes dehiscens Broun, 1917: 413 BHL
Diagnosis: Large, 6.81 mm to 6.81 mm (X¯ = 6.81 mm, s = NA, n = 1),
elongate. Large eyes. Inflexed foretibiae, antennae with funicle segment 1
1.5 times longer than segment 2, subsequent segments getting progressively
shorter. Lateral metaventrite without extensive pappolepida. No tubercles
or swellings on elytra. Meso- and metatibia with a ventral flange, producing
the “medial dilation” described by Broun.
Material examined: A total of 1 specimens examined (1 male, NA female,
NA unsexed).
Known only from the type specimen.
Distribution: South Island: — / OL / —
OL: Mt Dick.
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17. Chalepistes dugdalei (Barratt & Kuschel, 1996) new com-
bination
Irenimus dugdalei Barratt & Kuschel, 1996: 368
Diagnosis: Medium, 4.49 mm to 5.39 mm (X¯ = 5.06 mm, s = 0.36,
n = 5), lens shaped; dark grey to brown, elytral declivity light grey with
darker chevron at top. Elytra with upright scales semi-erect, club shaped;
without tubercles. Lateral metaventrite and abdominal ventrites with dense
pappolepida. Hind tibia with several denticles. Male ventrite 1 slightly
depressed. Female with elytral apex produced ventrally, ventrite 4 produced
into a narrow truncate lamina, ventrite 5 concave.
Distinguished from C. kuscheli by having overlapping appressed scales
on the pronotum, and the decumbent upright scales on the elytra. Distin-
guished from C. posticalis by having the segments of the funicle clavate, not
subspherical.
Material examined: A total of 9 specimens examined (4 male, 1 female,
4 unsexed).
Distribution: South Island: — / CO / —
CO: Rock and Pillar Range.
Etymology: This species was named after John Dugdale, now Fellow of
the Entomological Society of New Zealand, collected of the type series.
18. Chalepistes egens (Broun, 1904) new combination
Figs. 2.5
Catoptes egens Broun, 1904b: 109 BHL
Diagnosis: Small to medium species, 3.08 mm to 3.71 mm (X¯ = 3.38 mm,
s = 0.27, n = 4). Lateral metaventrite dominated by appressed scales, with
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pappolepida around margins, but never covering the disc. No swellings or
tubercles on the elytra. Metanepisternal suture invisible.
Distinguished from C. tenebricus and C. instabilis by its smaller size,
and by having the lateral metaventrite clothed with appressed scales (not
thickly covered by pappolepida). Males lack a mucro on the hind tibia
(mucro present in males of these other two species).
Material examined: A total of 110 specimens examined (35 male, 16
female, 59 unsexed).
Distribution: South Island: — / CO / —
CO: Gate Creek; Ida Valley; Ida Valley Omakau Road; Ida Valley Oturehua
Rd; Lindis Pass; Ophir; Otago; Poolburn; Raggedy Range.
19. Chalepistes sp. 13 ‘elaphus’ new species
Diagnosis: Medium sized species, 3.56 mm to 4.3 mm (X¯ = 3.92 mm, s =
0.31, n = 7), ovate. Scape with appressed scales. Elytra with disc uneven;
upright scales erect, club shaped; interstriae 3 and 5 conspicuously swollen.
Male with mucro on hind tibia. Female ventrite 5 flat.
Material examined: A total of 27 specimens examined (5 male, 3 female,
19 unsexed).
Distribution: South Island: — / SL, SI / —
SL: Curio Bay; Dunsdale Valley; Hokonui Hills; Otara; Ratanui. SI: Horo-
mamae/Owen Island; Lords River; Oban.
Etymology: Derived from the Greek elaphos ‘stag’, in honour of the South-
land regional rugby team, and in reference to the hairy appearance of this
species.
20. Chalepistes sp. 14 ‘hirsutus’ new species
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Diagnosis: Small species, 2.64 mm to 3.2 mm (X¯ = 2.95 mm, s = 0.26,
n = 4); oval shaped; golden brown. Elytra with upright scales slender,
clubbed, semi-erect; appressed scales overlapping. Abdominal ventites with
pappolepida sparse but extensive.
Material examined: A total of 12 specimens examined (2 male, 7 female,
3 unsexed).
Distribution: South Island: — / CO / —
CO: Hospital Creek.
Etymology: Derived from the lation hirsut meaning ‘hairy, rough’, in
reference to the erect scales on the pronotum and elytra.
21. Chalepistes sp. 15 ‘hollowayae’ new species
Figs. 2.5
Diagnosis: Medium species, 4.41 mm to 5.8 mm (X¯ = 5.36 mm, s =
0.39, n = 13); lens shaped; light greyish brown with lighter elytral decliv-
ity. Elytra with upright scales decumbent, club shaped; without tubercles.
Lateral metaventrite with appressed scales, abdominal ventrites with dense
pappolepida. Hind tibia with several denticles. Male ventrite 1 slightly
depressed. Female with elytral apex produced ventrally; ventrite 3 with
posterior margin produced into a short, broad lamina; ventrite 4 with pos-
terior margin produced into a broad, shallowly bifurcate lamina with obtuse
lateral angles; ventrite 5 concave.
The smaller body size of C. hollowayae, when compared with C. barrat-
tae, is evidenced most clearly by it having a shorter rostrum. The rostrum
in C. hollowayae ranges from 1.00 mm to 1.18 mm (X¯ = 1.07 mm, s = 0.05,
n = 13), compared with a length of 1.12 mm to 1.36 mm in C. barrattae.
However, the relative length is not different between the two species (C.
2.7. CHALEPISTES NEW GENUS 75
hollowayae rostrum/body length ratio 0.19 to 0.24 (X¯ = 0.2, s = 0.01, n =
13) )
Material examined: A total of 18 specimens examined (5 male, 12 female,
1 unsexed).
Distribution: South Island: — / CO / —
CO: Umbrella Mountains.
Etymology: This species is named after Beverley Holloway, Fellow of
the Entomological Society of New Zealand, in gratitude for her advice and
friendship and in recognition of her contributions to New Zealand weevil
systematics.
Remarks: This species is found at slightly lower altitudes in the Umbrella
Ranges than C. barrattae, and was collected by beating Hebe odora shrubs.
22. Chalepistes inaequalis (Sharp, 1886) new combination
Brachyolus inaequalis Sharp, 1886: 424 BHL
Diagnosis: Medium, 3.71 mm to 4.92 mm (X¯ = 4.25 mm, s = 0.49, n = 6);
ovate. Grey with black chevron on top of declivity, with white scales covering
the declivity. Scape with scales. Pronotum with strong basal folds. Elytral
interstriae 3 and 5 produced into tubercles at top of declivity; interstria 1
swollen around halfway down declivity. Male ventrite 1 slightly depressed.
Female ventrites simple, ventrite 5 flat.
Material examined: A total of 29 specimens examined (7 male, 9 female,
13 unsexed).
Distribution: South Island: — / SD, NN, MB, KA / —
SD: Picton. NN: Glenhope; Spooners Range. MB: Onamalutu Domain;
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Onamalutu Scenic Reserve. KA: Charwell; Hapuku River; Puhi Puhi Scenic
Reserve.
23. Chalepistes instabilis (Marshall, 1931) new combination
Catoptes instabilis Marshall, 1931: 419
Catoptes instabilis var. vittiger Marshall, 1931: 419
Diagnosis: Small, 3.28 mm to 3.47 mm (X¯ = 3.38 mm, s = 0.09, n = 4).
Elytral interstriae flat. Elytral upright scales setiform, decumbent. Pleural
areas of the pronotum, lateral metaventrite and abdomen with thick, dense
pappolepida. Males have a mucro on the hind tibia. Distinguished from C.
egens by the extensive pappolepida on the pleural areas of the pronotum,
lateral metaventrite and abdomen. Distinguished from C. tenebricus by the
elytral interstriae being flat, not convex.
Material examined: A total of 15 specimens examined (4 male, 7 female,
4 unsexed).
Distribution: South Island: — / CO / —
CO: Beattie Road; Becks; Central Otago; Loop Road.
Remarks: The vittiger morph, distinguished by having alternate light and
dark coloured elytral striae, can occur in a number of species, with specimens
seen that belong to C. egens, C. spermophilus and Nicaeana cervina.
24. Chalepistes sp. 16 ‘inundans’ new species
Diagnosis: Small, 2.49 mm to 3.32 mm (X¯ = 2.86 mm, s = 0.27, n = 11),
ovate. Upright scales on elytra erect. Apex of hind tibia expanded.
Material examined: A total of 55 specimens examined (18 male, 28
female, 9 unsexed).
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Distribution: South Island: — / MC, CO / —
MC: Old West Coast Rd. CO: Alexandra; Cromwell; Fraser Dam; Mahaka
Katia Scientific Reserve; Mt Pisa.
Etymology: This species is named in reference to the flooding of much of
its presumed former habitat to form Lake Dunstan.
25. Chalepistes sp. 17 ‘kopuwai’ new species
Diagnosis: Medium, 4.98 mm to 5.56 mm (X¯ = 5.24 mm, s = 0.18, n =
10), lens shaped; variable in colouration with overall colour grey to copper,
chevron on elytral declivity composed of a band of darker scales and a band
of lighter scales. Antennae with funicular segments subspherical. Ocular
lobe small, visible as a cusp on the anterolateral margin of the pronotum,
vibrissae long. Lateral metaventrite with dense, overlapping pappolepida.
Elytra with appressed scales elongate, upright scales decumbent; no tuber-
cles. Female ventrite 5 with paired tubercles proximally, slight concavity
apically.
Distinguished from C. nicaeoides by the thinner funicular segments.
Material examined: A total of 40 specimens examined (4 male, 7 female,
29 unsexed).
Distribution: South Island: — / CO / —
CO: Obelisk Range; Old Man Range; Old Woman Range.
Etymology: This species is named after Kopuwai (Obelisk), a large tor
at the summit of the Old Man Range. For nomenclatural purposes, it is
to be treated as an arbitrary combination of letters and used as a noun in
apposition.
26. Chalepistes sp. 18 ‘kremnobates’ new species
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Diagnosis: Medium, 3.67 mm to 3.82 mm (X¯ = 3.74 mm, s = 0.08, n
= 3); ovate; clothed in small, smooth, metallic appressed scales; upright
scales sparse, decumbent and inconspicuous. Elytra with all interstriae flat
around the elytral declivity. Female with ventrites simple, paired swelling
on ventrite 5.
Distinguished from C. nitidus by having the antennal funicle segments
wider than long, and the ventral margin of the hind tibia sinuous.
Material examined: A total of 3 specimens examined (1 male, 2 female,
0 unsexed).
Distribution: South Island: — / CO / —
CO: Garvie Mountains.
Etymology: Derived from the Greek kremnobates meaning ‘frequenter of
steep places’, in reference to the geomorphology of the type locality.
27. Chalepistes sp. 19 ‘kuscheli’ new species
Diagnosis: Medium to large, 5.33 mm to 6.14 mm (X¯ = 5.69 mm, s
= 0.41, n = 3). lens shaped; dark grey to brown, elytral declivity light
grey with darker chevron at top. Elytra with upright scales decumbent,
club shaped; no tubercles. Lateral metaventrite covered with appressed
scales, pappolepida sparse. Hind tibia with several denticles. Male ventrite
1 strongly depressed. Female with elytral apex produced ventrally, ventrite 4
produced into a shallowly bifurcate lamina with acute lateral angles, ventrite
5 concave.
Distinguished from C. dugdalei by the appressed scales on the prono-
tum evenly tessellating, and by the presence of clubbed upright scales on
interstria 6.
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Material examined: A total of 3 specimens examined (2 male, 1 female,
0 unsexed).
Distribution: South Island: — / CO / —
CO: Garvie Mountains.
Etymology: This species is named after Guillermo (Willy) Kuschel, Fellow
of the Entomological Society of New Zealand, in gratitude for his advice and
friendship and in recognition of his contributions to New Zealand weevil
systematics.
28. Chalepistes latipennis (Broun, 1893) new combination
Figs. 2.19
Catoptes latipennis Broun, 1893b: 1362 BHL
Diagnosis: Medium sized, 4.43 mm to 5.17 mm (X¯ = 4.74 mm, s = 0.31,
n = 5), ovate; grey to brown. Scape with appressed scales. Elytra with
insterstriae 3 and 5 tuberculate above declivity in both sexes. Male with
ventrite 1 depressed, and with strong mucro on hind tibia. Female with
ventrites simple.
Distinguished from I. parilis and I. duplex by lacking the metanepisternal
suture; and from C. spermophilus by the scales on the scape.
Material examined: A total of 17 specimens examined (7 male, 5 female,
5 unsexed).
Distribution: South Island: — / DN / —
DN: Moeraki; Trotters Gorge.
29. Chalepistes limbatus (Broun, 1909) new combination
Catoptes limbatus Broun, 1909: 60 BHL
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bour; Halfmoon Bay; Little Hellfire; Mason Bay; Ocean Beach; Sealers Bay;
Stewart Island.
30. Chalepistes lobatus (Broun, 1921) new combination
Catoptes lobatus Broun, 1921: 626 BHL
Diagnosis: Medium to large, 4.51 mm to 6.62 mm (X¯ = 5.45 mm, s =
0.99, n = 4); lens shaped. Brown to dark brown, often with pale declivity
and darker markings on elytra. Scape with scales. Pronotum with medial
and antero-lateral depressions. Elytra with interstria 3 and 5 raised at base
and tuberculate on declivity, flattened on disc; interstria 1 swollen at top
of declivity in both males and females; declivity nearly vertical. Male with
ventrite 1 slightly depressed. Females with simple ventrites, ventrite 5 with
paired tubercles that have a concave posterior face, apical margin emarginate
and produced into horns.
The pronotum is not as rugose as C. spectabilis, and interstria 3 and 5
are flattened on the disc.
Material examined: A total of 54 specimens examined (21 male, 25
female, 8 unsexed).
Distribution: North Island: WN, WA / — / —
WN: Kapiti Island; Karori Wildlife Sanctuary; Orongorongo Valley; Para-
paraumu; Rimutaka Road Summit; Rona Bay; Titahi Bay; Trentham; Welling-
ton. WA: Aorangi Range.
Remarks: This species displays substantial size variation. It has been
recorded in the literature as Irenimus spectabilis (Moeed & Meads, 1986).
31. Chalepistes sp. 20 ‘navicularis’ new species
Diagnosis: Large, 7.11 mm to 7.76 mm (X¯ = 7.49 mm, s = 0.34, n =
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3); lens shaped; brown with pale elytral declivity. Rostrum long. Pronotum
smooth, with medial furrow. Elytra with fine strial punctures, interstriae 3
and 5 raised along entire length in both sexes; declivity angulate. Metatibial
apical bevel slender. Male ventrite 1 strongly depressed. Female elyral sutu-
ral tubercle well developed; elytral apex produced posteriorly and ventrally;
ventrite 5 with paired tubercles either side of a medial furrow.
Distinguished from C. rhesus by having narrower elytra and having over-
all smoother facies.
Material examined: A total of 36 specimens examined (4 male, 3 female,
29 unsexed).
Distribution: South Island: — / MC / —
MC: Akaroa; Carews Peak; Ellangowan Scenic Reserve; Hilltop; Lavericks
Peak; Little Fishermans Bay; Montgomery Scenic Reserve; Otepatotu Scenic
Reserve; Peraki Saddle; Port Levy; Purple Peak; Te Oka; Wainui.
Etymology: Derived from the Latin navis meaning ‘ship’, in reference to
the resemblance of the shape of the elytra to the hull of a boat.
32. Chalepistes sp. 21 ‘nicaeoides’ new species
Diagnosis: Medium to large, 4.55 mm to 6.68 mm (X¯ = 5.55 mm, s
= 0.72, n = 7), lens shaped; light grey with darker mottling. Antennae
with funicular segments transverse. Eye circular. Female ventrite with large
tubercle and apical emargination.
Material examined: A total of 23 specimens examined (6 male, 4 female,
13 unsexed).
Distribution: South Island: — / OL, CO / —
OL: Headlong Peak; Mt Tyndall. CO: Ben Nevis; Obelisk Range; Old Man
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Range; Rastus Burn; The Remarkables.
Etymology: This species is named because of its superficial similarity to
some species of Nicaeana.
33. Chalepistes sp. 22 ‘nitidus’ new species
Diagnosis: Small to medium, 3.3 mm to 3.77 mm (X¯ = 3.5 mm, s = 0.14,
n = 8). No tubercles. Derm dark. Dorsal surface with closely packed dome
shaped scales, many metallic. Female with ventrite 5 with paired tubercles.
Metasternite very short.
Distinguished from C. kremnobates by having interstria 3 raised.
Material examined: A total of 8 specimens examined (5 male, 3 female,
0 unsexed).
Distribution: South Island: — / OL / —
OL: Mt Dick.
Etymology: Derived from the Latin niteo ‘shine, glitter’, an allusion to
the metallic scales on the pronotum and elytra.
34. Chalepistes sp. 23 ‘nokomai’ new species
Diagnosis: Medium, 4.4 mm to 4.4 mm (X¯ = 4.4 mm, s = NA, n = 1),
lens shaped, copper coloured. Lateral metaventrite with dense, overlapping
pappolepida. Elytra with appressed scales elongate. Female ventrite 5 with
paired tubercles basally.
Distinguished from C. kopuwai by the extensive pappolepida on the sides
of the pronotum and the reduced lobes on the hind tarsal segment 3.
Material examined: A total of 1 specimens examined (NA male, 1 female,
NA unsexed).
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Distribution: South Island: — / CO / —
CO: Garvie Mountains.
Etymology: This species is named after the Nokomai patterned mire, a
nationally significant wetland in the Garvie Mountains, and in which this
species is predicted to inhabit. For nomenclatural purposes, it is to be
treated as an arbitrary combination of letters and used as a noun in appo-
sition.
35. Chalepistes patricki (Barratt & Kuschel, 1996) new com-
bination
Figs. 2.8
Irenimus patricki Barratt & Kuschel, 1996: 369
Diagnosis: Medium, 3.74 mm to 4.7 mm (X¯ = 4.33 mm, s = 0.34, n =
6); lens shaped; light grey or copper coloured with variegated mottling of
darker scales. Elytra with decumbent club shaped upright scales. Lateral
metaventrite densely covered with pappolepida. Foretibia inflexed toward
apex. Male ventrite 1 slightly depressed. Female ventrite 5 with paired
tubercles.
Distinguished from C. stolidus by having antennal funicle segments 3
and 4 subspherical (not clavate); elytral upright scales decumbent (not semi-
erect); and the metatibia with a simple apex (not with a slender bevel).
Material examined: A total of 212 specimens examined (18 male, 12
female, 182 unsexed).
Distribution: South Island: — / CO / —
CO: Deep Creek; Dunstan Track; Flat Creek; Lammerlaw Range; Lammer-
moor Range; Loganburn Reservoir; Rock and Pillar Range; Sutton Creek.
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36. Chalepistes pensus (Broun, 1914) new combination
Inophloeus pensus Broun, 1914: 212 BHL
Inophloeus tricostatus Broun, 1915: 328 New synonym BHL
Diagnosis: Large species, 8.62 mm to 9.51 mm (X¯ = 9.12 mm, s = 0.42,
n = 4); ovate; black to grey, clothed in fine, glossy appressed scales that do
not overlap. Rostrum tricarinate with medial carina and two dorso-lateral
carina formed by the dorsal margin of the scrobes. Elytral interstriae 3
and 5 raised along entire length; male with rounded elytral declivity; female
with near vertical elytral declivity and elytral apices produced posteriorly.
Male ventrite 1 strongly depressed. Female ventrites simple, ventrite 5 with
paired tubercles and apical emargination.
Material examined: A total of 165 specimens examined (47 male, 87
female, 31 unsexed).
Distribution: South Island: — / MC, SC, MK / —
MC: Broken River; Broken River Basin; Broken River Skifield; Camp Creek;
Camp Stream; Camp Stream Saddle; Craigieburn Forest Park; Foggy Peak;
Mt Cheeseman; Mt Cockayne; Mt Hutt; Mt Somers; Nervous Knob; Porter
Heights Skifield; Pudding Hill Stream; Round Hill; Winchmore Research
Station. SC: Albury Range; Blue Mountain Station; Mt Dobson; Mt Frances;
Mt Peel; Waihi River. MK: Ailsa Stream; Hooker Valley; Round Hill Ski-
field.
Remarks: This species has been collected in large numbers from the flowers
of Aciphylla aurea.
37. Chalepistes sp. 24 ‘phillipsi’ new species
Diagnosis: Medium, 3.43 mm to 3.82 mm (X¯ = 3.6 mm, s = 0.18, n =
4); oval; grey to brown, with mottled dorsum (especially in males) and pale
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elytral declivity; upright scales dense, erect, trichoid. Ocular lobe conspicu-
ous. Extensive pappolepida on the sides of the pronotum. Elytral interstriae
flat around elytral declivity. Male with ventrite 1 depressed. Female with
ventrites simple, ventrite 5 flat.
This species can be distinguished from most other Chalepistes by the
extensive pappolepida on the sides of the pronotum.
Material examined: A total of 17 specimens examined (2 male, 6 female,
9 unsexed).
Distribution: South Island: — / NC / —
NC: Culverden.
Etymology: This species is named after Dr Craig Phillips, one of the
collectors of the type series, in gratitude for his supervision and friendship.
38. Chalepistes placidus (Broun, 1914) new combination
Figs. 2.20
Nicaeana placida Broun, 1914: 201 BHL
Catoptes pallidipes Broun, 1917: 415 New synonym BHL
Catoptes flaviventris Broun, 1917: 416 New synonym BHL
Catoptes nigricans Broun, 1917: 416 New synonym BHL
Diagnosis: Small, 2.52 mm to 3.43 mm (X¯ = 2.86 mm, s = 0.38, n
= 5), without elytral tubercles, with subspherical funicle segments 5–7 and
with extensive pappolepida on lateral metaventrite and abdominal ventrites.
Stria 8 and 9 narrowly convergent, at their closest point in line with ventrite
2 (Figure 2.20).
Distinguished from C. aequalis by having decument, clubbed (not erect,
setiform) upright scales on the elytra and pronotum, having funicle segments
5–7 subspherical (not clavate), and by its smaller size. Distinguished from C.
tenebricus by having no swellings or tubercles on the elytra. Distinguished
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S8
S9
Figure 2.20: Elytra (lateral view) of C. placidus, showing convergent stria
(S8 and S9).
from C. egens by funicle segment 2 much shorter than segment 1. The form
of the female ventrite 5 is distinctive.
This species is similar to C. similis and C. curvus in its small size, the
form of the vestiture and by having funicular segments 3–7 subspherical.
Female with paired tubercles on ventrite 5. Not as developed as in C. curvus,
but approaching it.
Material examined: A total of 89 specimens examined (9 male, 10 female,
70 unsexed).
Distribution: South Island: — / NC, MC, MK / —
NC: Glynn Wye. MC: Lake Clearwater; Mt Findlay/Point Hill; Peak Hill;
Porters Pass. MK: Burke Pass; Lake Tekapo; Mt Cox; Swan Lagoon.
39. Chalepistes sp. 25 ‘planithorax’ new species
Diagnosis: Small, 2.82 mm to 3.12 mm (X¯ = 2.94 mm, s = 0.16, n = 3);
ovate; covered in dull, closely packed brownish scales; upright scales semi-
erect, setiform. Pronotal disc somewhat flattened. Elytral interstriae flat
around elytral declivity. Male with first ventrite depressed. Female ventrite
5 with medial concavity.
Material examined: A total of 3 specimens examined (2 male, 1 female,
0 unsexed).
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Distribution: South Island: — / CO / —
CO: Garvie Mountains.
Etymology: Derived from the Latin planus, ‘flat’, in reference to the
relatively flat thorax and elytra, compared with other species of Chalepistes.
40. Chalepistes sp. 26 ‘platycephalus’ new species
Diagnosis: Large, 5.9 mm to 6.87 mm (X¯ = 6.25 mm, s = 0.32, n = 10);
dark grey to black, pale outer vestiture on femorae contrasts with darker in-
ner vestiture. Elytra with upright scales decumbent, setiform; no tubercles.
Male elytral apex dehiscent; ventrite 1 strongly depressed. Female with
concave area in posterior half of ventrite 1; ventrite 4 with lateral angles
produced ventrally; ventrite 5 concave.
Material examined: A total of 39 specimens examined (27 male, 8 female,
4 unsexed).
Distribution: South Island: — / OL, CO / —
OL: Mt Dick. CO: Garvie Mountains; Obelisk Range; Old Man Range.
Etymology: From the Greek platys meaning ‘broad’ and kephale, ‘head’.
In reference to the wide-headed appearance of this species.
41. Chalepistes sp. 27 ‘politus’ new species
Diagnosis: Small to medium, 3.36 mm to 3.76 mm (X¯ = 3.57 mm, s =
0.16, n = 6); lens shaped; dorsum covered with small, glossy copper-coloured
scales; upright scales inconspicuous. Pronotum with lateral margins evenly
curved. Elytra without swellings. Male ventrite 1 slightly depressed. Female
ventrites simple. Hind tibia mucronate in both sexes.
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Material examined: A total of 13 specimens examined (4 male, 3 female,
6 unsexed).
Distribution: South Island: — / CO / —
CO: Pisa Range.
Etymology: From the Latin politus meaning smooth or polished. In ref-
erence to the smooth, glossy appearance of this species.
42. Chalepistes posticalis (Broun, 1893)
Catoptes posticalis Broun, 1893b: 1189 BHL
Irenimus posticalis (Broun); Barratt & Kuschel, 1996: 366
Diagnosis: Medium to large species, 4.51 mm to 6.21 mm (X¯ = 5.55 mm,
s = 0.51, n = 26); lens shaped; drab brown to grey, with matt appearance
caused by strongly ridged scales on the elytra. Lateral metaventrite domi-
nated by pappolepida. Elytra with swellings on interstriae 3 and 5; female
with tubercle on interstria 1 positioned 1/3 of the way down the elytral de-
clivity. Male ventrite 1 depressed. Female ventrite 5 with paired tubercles
and a notched apex.
Material examined: A total of 362 specimens examined (69 male, 72
female, 221 unsexed).
Distribution: South Island: — / OL, CO, DN / —
OL: Mitchells Hut; Mt Dick. CO: Dunstan Range; Garvie Mountains; Mt
Teviot; Obelisk Range; Rock and Pillar Range; Six Mile Creek; The Castle;
Umbrella Mountains. DN: Lake Mahinerangi; Maungatua.
Remarks: This species has been collected in large numbers by beating
from Hebe odora, and has been recorded as being a significant herbivore on
Celmisia species (Long, 2006).
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43. Chalepistes rhesus (Pascoe, 1875) new combination
Figs. 2.21
Inophloeus rhesus Pascoe, 1875: 220 BHL
Inophloeus longicornis Broun, 1904b: 113 BHL
Inophloeus medius Broun, 1893a: 294 BHL
Inophloeus sulcicollis Broun, 1914: 213 BHL
Inophloeus suturalis Broun, 1893b: 1464 BHL
Diagnosis: Large species, 6.95 mm to 8.01 mm (X¯ = 7.42 mm, s =
0.55, n = 4), lens shaped; brown with pale elytral declivity. Rostrum long.
Pronotum rugose. Elytra with coarse strial punctures; interstriae 1, 3 and 5
tuberculate in both sexes; declivity angulate. Metatibial apical bevel slender.
Male ventrite 1 strongly depressed. Female ventrites simple, ventrite 5 with
a medial furrow.
Very similar to C. navicularis, but distinguished from it having a rugose
pronotum.
Material examined: A total of 216 specimens examined (34 male, 37
female, 145 unsexed).
Distribution: South Island: — / NN, MB, KA, NC, MC / —
NN: Westport. MB: Jollies Pass. KA: Conway River; Hapuku River; Mt
Terako; Oaro. NC: Ashley Gorge; Glentui; Mt Cass Ridge; Mt Grey; Nape-
nape Scenic Reserve. MC: Carews Peak; Cass; Cave Creek; Christchurch;
Craigieburn Forest Park; Craigieburn Skifield; Ellangowan Scenic Reserve;
Governors Bay; Hilltop; Kaituna Valley; Kennedys Bush; Lavericks Bay;
Lyttelton; McClellands; Moa Basin; Montgomery Scenic Reserve; Mt Hutt;
Mt Oakden; Otarama; Otepatotu Scenic Reserve; Peraki Saddle; Port Hills;
Prices Bush; Purau Track; Rakaia; Rakaia River; Riccarton Bush; Scarcliffe;
Summit Rd.
44. Chalepistes rubidus (Broun, 1881) new combination
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imbricate pappolepida. Elytra with inconspicuous swellings on interstria 3.
Male ventrite 1 slightly depressed. Female ventrites simple, ventrite 5 with
inconspicuous swelling.
This species can be distinguished from C. aequalis by having the upright
scales on the elytra being club shaped and semi-erect. Chalepistes aequalis
has upright scales that are setiform and erect.
Material examined: A total of 32 specimens examined (20 male, 9 female,
3 unsexed).
Distribution: South Island: — / NC / —
NC: Lake Sumner; Lees Valley.
Etymology: This species is named after Morgan Shields, enthusiastic en-
tomologist, good friend, and collector of the type series.
Remarks: This species has been collected off Discaria toumatou and Co-
prosma species.
46. Chalepistes similis (Barratt & Kuschel, 1996) new com-
bination
Figs. 2.6
Irenimus similis Barratt & Kuschel, 1996: 365
Diagnosis: Small, 2.52 mm to 2.86 mm (X¯ = 2.63 mm, s = 0.16, n = 4),
oval; pale upright scales contrasting with grey appressed scales on pronotum
and elytra. Elytra with upright scales dilated, decumbent. Male ventrite 1
flat. Female ventrite 5 flat.
Chalepistes curvus has a more vertical elytral declivity, and a depression
in the space between where interstriae 3 and 5 meet 9 and 7 respectively,
formed by the swelling of interstriae 3, 5, 6, and 7. C. similis has a gently
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rounded elytral declivity, and no depression in the space between interstriae
3 and 5.
Material examined: A total of 348 specimens examined (14 male, 12
female, 322 unsexed).
Distribution: South Island: — / CO / —
CO: Loganburn Reservoir; Old Man Range; Rock and Pillar Range.
47. Chalepistes spectabilis (Broun, 1914) new combination
Catoptes spectabilis Broun, 1914: 205 BHL
Diagnosis: Large, 6.87 mm to 7.68 mm (X¯ = 7.34 mm, s = 0.38, n = 4);
lens shaped. Brown to dark brown. Pronotum rugose, with a median de-
pression. Elytra with interstria 3 and 5 raised along length and tuberculate
at declivity; interstria 1 swollen in males, tuberculate in females; decliv-
ity almost vertical. Female with elytral apex ventrally produced; ventrites
simple, ventrite 5 concave and strongly emarginate at apex.
Material examined: A total of 20 specimens examined (1 male, 6 female,
13 unsexed).
Distribution: South Island: — / MC, SC / —
MC: Pudding Hill; Sharplin Falls. SC: Blandswood; Peel Forest; Waihi
Gorge.
Remarks: This species displays substantial size variation.
48. Chalepistes spermophilus (Broun, 1895)
Figs. 2.5
Catoptes spermophilus Broun, 1895: 405 (Synonymised with Irenimus compressus by Kuschel,
1969: 800) BHL
Catoptes subnitidus Broun, 1914: 206 (Synonymised with Irenimus compressus by Kuschel, 1969:
800) BHL
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Catoptes curvatus Broun, 1914: 206 (Synonymised with Irenimus aequalis by Kuschel, 1969: 805)
BHL
Diagnosis: Medium species, 3.98 mm to 5.84 mm (X¯ = 4.57 mm, s = 0.64,
n = 7); ovate; brown, frequently with mottling caused by patches of lighter
and darker scales; light chevron on elytral declivity. Lateral metaventrite
with appressed scales. Elytra with upright scales semi-erect, club shaped.
interstriae 3 and 5 swollen. Female ventrite 5 with medial furrow.
Distinguished from C. compressus by the following combination of char-
acters: club longer and thinner; pronotum with sinuous anterior margin;
elytra shorter and broader, interstria 1 around scutellum not raised; abdomi-
nal ventrite 1 behind coxa with dense pappolepida; fore- and mid-tibiae with
conspicuous denticles, metatibia dorsoventrally expanding apicad of middle.
Material examined: A total of 178 specimens examined (20 male, 19
female, 139 unsexed).
Distribution: South Island: — / BR, FD, MC, SC, DN / —
BR: Westport Beach. FD: Homer. MC: Akaroa; Birdlings Flat; Glen-
ralloch Scenic Reserve; Glenstrae Rd; Hilltop; Kaituna Valley; Lavericks
Peak; Little River; Montgomery Scenic Reserve; Mt Findlay/Point Hill; Mt
Herbert; Mt Hutt; Okuti Scenic Reserve; Orton Bradley Reserve; Otepa-
totu Scenic Reserve; Panama Rock; Pigeon Bay; Port Hills; Port Levy Sad-
dle; Prices Bush; Purau Track; Rakaia Gorge; Riccarton Bush; Sleepy Bay;
Stones Reserve; Wainui. SC: Deer Spur; Middle Mt Peel; Opihi River; Peel
Forest; Silver Hill Station; Tramway Stream; Waihi Gorge. DN: Flagstaff;
Invermay; Taieri; Waitati.
Remarks: The external characters that separate C. spermophilus from C.
compressus are subtle and inconsistent. Many specimens will show most
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(but maybe not all) of the characters given in the diagnosis above. Geo-
graphic location is also useful for determining the species identity. Accurate
determination of C. spermophilus requires familiarity and a decent series of
specimens.
49. Chalepistes stolidus Broun, 1886
Irenimus stolidus Broun, 1886: 854 BHL
Catoptes brevicornis Sharp, 1886: 422 New synonym BHL
Catoptes vexator Broun, 1904b: 108 New synonym BHL
Diagnosis: Medium sized species, 3.43 mm to 4.92 mm (X¯ = 4.39 mm, s
= 0.52, n = 7); lens shaped; grey to brown with darker mottling, sometimes
forming a vague checkerboard pattern. Elytra with upright scales semi-erect,
setiform. Fore tibia inflexed toward apex. Lateral metaventrite densely
covered with pappolepida. Female with swollen interstria 3 above elytral
declivity, ventrite 5 with medial furrow.
Distinguished from C. patricki by having antennal funicle segments 3
and 4 clavate (not subspherical); elytral upright scales semi-erect (not de-
cumbent); and the metatibial apex with a slender bevel (not simple).
Material examined: A total of 122 specimens examined (11 male, 14
female, 97 unsexed).
Distribution: South Island: — / CO, DN / —
CO: Billys Ridge; Cromwell; Hyde; Ida Valley; Macraes Flat; Matarae;
Middlemarch; Mt Ida; Ngapuna; Otago; Poolburn; Ranfurly Showgrounds;
Ranfurly-Wedderburn; Rock and Pillar Range; Sutton; Sutton Creek; Upper
Idaburn; Waipori; NA. DN: Invermay; Maungatua; Morrisons Burn Spur;
North Taieri; Oamaru; Outram; Palmerston; Taieri Plain; Tavora Reserve.
50. Chalepistes tenebricus (Broun, 1893) new combination
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Figs. 2.5
Catoptes tenebricus Broun, 1893b: 1194 BHL
Catoptes aemulator Broun, 1893b: 1193 New synonym BHL
Catoptes argentalis Broun, 1914: 208 BHL
Irenimus aemulator (Broun); Barratt & Kuschel, 1996: 372
Diagnosis: Small to medium, 3.02 mm to 4.11 mm (X¯ = 3.56 mm, s =
0.45, n = 6), oval; light brown, often with darker mottling and with a lighter
elytral declivity. Lateral metaventrite with extensive, non-overlapping pap-
polepida. Elytra with upright scales club shaped, decumbent to semi-erect;
interstria 3 swollen above declivity. Abdominal ventrites with extensive,
non-overlapping pappolepida. Female ventrite 5 flat.
Distinguished from C. instabilis by having the elytral interstriae convex,
interstriae 3 and 5 marginally more so.
Material examined: A total of 159 specimens examined (16 male, 17
female, 126 unsexed).
Distribution: South Island: — / CO, DN, SL / —
CO: Danseys Pass; Deep Creek; Flat Creek; Lammermoor Range; Logan-
burn Reservoir; Naseby; Ngapuna; Ophir; Ranfurly Showgrounds; Rock and
Pillar Range; Sutton Creek; Upper Idaburn. DN: Taieri. SL: Plains Sta-
tion.
Remarks: A nondescript species, with few obvious characters that readily
separate it from others.
51. Chalepistes vastator (Broun, 1893) new combination
Catoptes vastator Broun, 1893b: 1463 BHL
Irenimus vastator (Broun); Barratt & Kuschel, 1996: 365
Diagnosis: Small, (X¯ = 3.20 mm, n = 1); lens shaped; grey with pale up-
right scales. Elytra with upright scales decumbent, club shaped; interstriae
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3 and 5 swollen.
Material examined: A total of 1 specimen examined (1 male).
Known only from the type specimen.
Distribution: South Island: — / SL / —
SL: Fortrose.
52. Chalepistes sp. 29 ‘verticalis’ new species
Diagnosis: Medium species, 3.78 mm to 4.27 mm (X¯ = 4.05 mm, s =
0.21, n = 5); oval, grey to brown, without obvious mottling or markings.
Elytra with regular, club shaped, semi-erect upright scales; appressed scales
dense, edges indistinct; interstriae 3 and 5 swollen above declivity, interstria
3 conspicuously so, interstria 5 inconspicuous; declivity nearly vertical in
lateral view. Female elytra with apex produced ventrally, ventrite 5 with
low swellings.
Material examined: A total of 11 specimens examined (3 male, 7 female,
1 unsexed).
Distribution: South Island: — / OL / —
OL: Mitchells Hut; Mt Dick.
Etymology: Named in reference to the vertical elytral declivity.
53. Chalepistes sp. 30 ‘watti’ new species
Diagnosis: Small to medium, 3 mm to 3.88 mm (X¯ = 3.37 mm, s = 0.29,
n = 7); oval. Female ventrite 5 evenly convex, unlike C. canaster which has
paired tubercles.
Material examined: A total of 31 specimens examined (3 male, 6 female,
22 unsexed).
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Distribution: South Island: — / CO / —
CO: Carrick Range; Watts Rock.
Etymology: This species is named after J. Charles Watt (1936–2006),
beetle aficionado and a driving force in the DSIR invertebrate surveys of the
1970s. He collected the earliest specimens of this species from the homony-
mous type locality.
2.8 Austromonticolus new genus
Austromonticolus new genus. Type species: Austromonticolus mataura new species, here desig-
nated. Gender: masculine.
Diagnosis: Metanepisternum wide, Metanepisternal suture complete. Pos-
terior face of hind femur with sharp demarcation between scaled region and
large area without scales. Hind tibial apex simple, without bevel. Parameres
short. Bursa copulatrix with only a single sclerite.
Distribution: Restricted to alpine regions in Otago (Figure 2.23).
Biology: Specimens in this genus have been found in association with
cushion plants in the genera Phyllachne and Scleranthus.
Etymology: Derived from the Latin australo, ‘south’ and monticola ‘moun-
tain dweller’, alluding to the habitat of the species of this genus, being con-
fined to the mountains of the southern part of the South Island.
Remarks: Despite having a broad size range and a wide spectrum of
female secondary sexual structures, the presence of a single bursal sclerite
is the clearest apomorphy for the monophyly of Austromonticolus.
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Figure 2.23: Distribution of Austromonticolus throughout New Zealand.
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2.8.1 Key to species of Austromonticolus
1. Smaller species, less than 5 mm in length. . . . . . . . . . . . . . . . . . . . . . . 2.
− Larger species, greater than 7 mm in length. . . . . . . . . . . . . . Au. gigas
2 (1). Pronotum widest anteriorly, sides evenly converging toward base.
Females with roughly vertical elytral declivity, sutural tubercle present.
Female margin of ventrite 5 emarginate, possessing spines around the
genital opening. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.
− Pronotum roughly parallel sided, posterior angles rounded. Female ely-
tral declivity rounded, without sutural tubercle. Female margin of ven-
trite 5 entire. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Au. rotundus
3 (2). Venter with dense pappolepida, round appressed scales sparsely
distributed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.
− Venter with dense appressed scales, pappolepida sparsely distributed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Au. mataura
4 (3). Pronotum with medial furrow. Elytral upright scales decumbent.
Antennal funicle segment 3 longer than segment 4. . . . . Au. atriarius
− Pronotum evenly curved. Elytral upright scales semi-erect. Antennal
funicle segment 3 of similar length as segments 4 to 7. . . . Au. furcatus
1. Austromonticolus sp. 31 ‘atriarius’ new species
Diagnosis: Medium, 3.6 mm to 4.55 mm (X¯ = 4.19 mm, s = 0.36, n
= 8). Pronotum with medial furrow. Female elytral declivity with sutural
tubercle; margin of ventrite 4 produced into a lamina, with bifurcate process
medially; margin of ventrite 5 with pair of slim horns either side of the genital
opening.
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Material examined: A total of 8 specimens examined (4 male, 4 female,
0 unsexed).
Distribution: South Island: — / CO / —
CO: Umbrella Mountains.
Etymology: From the Latin atriarius, ‘porter, doorkeeper’, in reference
to the armature surrounding the female genital opening and alluding to its
possible function.
2. Austromonticolus sp. 32 ‘furcatus’ new species
Diagnosis: Medium, 3.67 mm to 4.22 mm (X¯ = 3.97 mm, s = 0.28, n =
3). Dense pappolepida on venter. Female elytral declivity with sutural tu-
bercle; margin of ventrite 4 produced into a lamina, with deep emargination
medially; margin of ventrite 5 with pair of broad horns either side of the
genital opening.
Material examined: A total of 17 specimens examined (1 male, 3 female,
13 unsexed).
Distribution: South Island: — / CO / —
CO: Obelisk Range; Old Man Range; The Herrons Station.
Etymology: From the Latin furca, ‘fork’, in reference to the form of the
ventral lamina of the female.
3. Austromonticolus sp. 33 ‘gigas’ new species
Diagnosis: Large, 7.28 mm to 8.72 mm (X¯ = 7.98 mm, s = 0.72, n =
3). Small, shiny scales on integument, with erect, setiform upright scales on
pronotum and elytra. Female ventrite 5 slightly emarginate and with medial
furrow; elytra with sutural tubercle at top of elytral declivity.
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Material examined: A total of 9 specimens examined (2 male, 6 female,
1 unsexed).
Distribution: South Island: — / CO / —
CO: Hawkdun Range; Mt Bitterness.
Etymology: From the Latin gigas, ‘large’, in reference to the size of the
species.
4. Austromonticolus sp. 34 ‘mataura’ new species
Figs. 2.24, 2.25
Diagnosis: Small to medium, 3.42 mm to 4.11 mm (X¯ = 3.8 mm, s =
0.25, n = 13). Venter with glossy appressed scales, pappolepida sparse.
Female elytral declivity with sutural tubercle; margin of ventrite 3 with
paired processes medially; margin of ventrite 4 produced into a lamina, with
deep emargination medially; margin of ventrite 5 with pair of broad horns
either side of the genital opening.
Material examined: A total of 22 specimens examined (7 male, 9 female,
6 unsexed).
Distribution: South Island: — / OL, SL / —
OL: Mitchells Hut; Mt Dick. SL: Upper Mataura Valley.
Etymology: This species is named after its distribution in the headwaters
of the Mataura River. The word is Ma¯ori, of obscure meaning. Mataura
was an ancestor of Ngatoro-i-rangi, the priest of the Arawa canoe. It may
mean glowing face, which is appropriate for the collecting localities thus far
which have been primarily on the eastern slopes of the Eyre Mountains. For
nomenclatural purposes, it is to be treated as an arbitrary combination of
letters and used as a noun in apposition.
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Figure 2.24: Habitus images of female Austromonticolus mataura. Top:
dorsal. Bottom: lateral.
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2.9 Alocommatus new genus
Alocommatus new genus. Type species: Brachyolus longicollis Sharp, 1886: 426, here designated.
Gender: masculine.
Diagnosis: Frons declivous. Eye with narrow furrow around margin.
Pronotum with ocular lobe present, variably developed; basal fold present,
varying from strong to weak. Metanepisternal suture absent. Trochanteral
setae present; femorae clavate; metatibiae narrow, apex simple. Penis long,
narrow.
This genus displays significant sexual dimorphism, especially in the form
of the elytra and abdominal ventrite 5. Females tend to be broader, with
more significant elytral swellings and modifications.
Distribution: Found from Wellington to Otago, with most species found
in Marlborough and North Canterbury (Figure 2.26).
Ecology: Species of Alocommatus are commonly found on various Aster-
aceae, particularly Ozothamnus and Celmisia, sometimes in large numbers.
Etymology: Derived from the Greek alox, ‘furrow’, and omma, ‘eye’, in
reference to the narrow groove that surrounds the eye of species of the genus.
Remarks: Alocommatus is the most derived genus of the four genera
covered here. The declivous frons, furrow around eye, basal folds on the
pronotum, and the long, narrow penis are all apomorphic for the genus.
The loss of the metanepisternal suture is also apomorphic, but appears to
be independantly derived from the same condition in Chalepistes, as the two
genera are not closely related (See Chapter 3).
A key to the species of Alocommatus has not yet been completed. This is
due to the difficulty of determining diagnostic characters that are consistent
across both sexes, and which are can be communicated readily. Potentially
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Figure 2.26: Distribution of Alocommatus throughout New Zealand.
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useful characters include: colour, vestiture, pronotal sculpture, shape of the
ocular lobe, elytral punctures, elytral shape and antennal segment lengths.
Abdominal ventrites 4 and 5 of the female are diagnostic for each species;
however in many specimens the abdomen is retracted into the elytra, some-
times making it difficult to see the true form of the ventrite without dissec-
tion.
1. Alocommatus sp. 36 ‘atribetulus’ new species
Diagnosis: Medium to large, 5.78 mm to 6.7 mm (X¯ = 6.34 mm, s = 0.49,
n = 3). Female ventrite 5 with steep posterior declivity, a subrectangular
lamina produced around halfway down.
Material examined: A total of 44 specimens examined (23 male, 17
female, 4 unsexed).
Distribution: South Island: — / MB / —
MB: Altimarloch; Black Birch Range; Black Birch Station.
Etymology: Derived from the Latin atri, ‘black’ and betula, ‘birch’. A
simple translation of the name of the mountain range in which species in-
habits.
2. Alocommatus constrictus (Broun, 1910) new combination
Catoptes constrictus Broun, 1910: 60 BHL
Diagnosis: Medium, 4.07 mm to 5.6 mm (X¯ = 4.68 mm, s = 0.7, n =
4). Elytra short; appressed scales dense, overlapping; upright scales short,
fan shaped; interstria 6 depressed around the humeral region; interstria 7
swollen above elytral declivity. Female ventrite 5 with apical incision.
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Material examined: A total of 49 specimens examined (8 male, 4 female,
37 unsexed).
Distribution: North Island, South Island: WN, WA / SD / —
WN: Island Bay; Kapiti Island; Mahanga Bay; Makara; Orongoorongo
Beach; Orongorongo Valley; Oteranga Bay; Owhiro Bay; Sinclair Head;
Stuart Park; Te Ikaamaru Bay; Turakirae Head; Wainui Road; Wellington.
WA: Martinborough; Otaraia. SD: Oruawairua Island.
3. Alocommatus sp. 37 ‘epacrus’ new species
Diagnosis: Medium, 5.46 mm to 7.1 mm (X¯ = 6.14 mm, s = 0.77, n
= 4). Pronotum somewhat wrinkled. Female ventrite 5 with steep pos-
terior declivity, the ventral disc produced into paired lobes with rounded
emargination; elytra tapering posteriorly.
Material examined: A total of 15 specimens examined (2 male, 2 female,
11 unsexed).
Distribution: South Island: — / DN / —
DN: Horse Range; Razorback Ridge; Trotters Gorge.
Etymology: Derived from the Greek epakros meaning ‘pointed at the end’,
referring to the elytral apex.
4. Alocommatus longicollis (Sharp, 1886) new combination
Figs. 2.27, 2.28
Brachyolus longicollis Sharp, 1886: 426 BHL
Catoptes subplicatus Broun, 1917: 412 New synonym BHL
Diagnosis: Medium, 4.37 mm to 5.84 mm (X¯ = 4.86 mm, s = 0.6, n = 6).
Elytra; upright scales semi-erect and setiform to clubbed, easily abraded,
forming a tuft (“sutural brush”) around halfway down declivity; apex level
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in males, descending in females. Female ventrite 5 with large, steep sided
medial tumulus and paired apical tubercles.
Material examined: A total of 56 specimens examined (20 male, 15
female, 21 unsexed).
Distribution: South Island: — / NC, MC, SC / —
NC: Ashley; Eyrewell; Mt Grey. MC: Cass; Craigieburn Skifield Entrance;
Lake Lyndon; Moa Basin; Mt Algidus; Mt Harper; Mt Hutt; Porters Pass.
SC: Fox’s Peak.
5. Alocommatus sp. 38 ‘macdonaldae’ new species
Diagnosis: Medium, 5.83 mm to 7.76 mm (X¯ = 6.71 mm, s = 0.81, n =
5). Venter with long, conspicuous outer vestiture.
Material examined: A total of 6 specimens examined (3 male, 2 female,
1 unsexed).
Distribution: South Island: — / KA / —
KA: Kahutara Saddle; Kowhai River; Mt Fyffe.
Etymology: This species is named after Marie McDonald, enthusiastic en-
tomologist, good friend, and collector of the series used for DNA sequencing,
in gratitute for her enthusiasm and contributions toward this project.
6. Alocommatus sp. 39 ‘oleariphagus’ new species
Diagnosis: Medium, 4.07 mm to 5.35 mm (X¯ = 4.68 mm, s = 0.43, n = 8).
Female ventrite 4 with posterior margin produced into a large subtriangular
lamina with apical incision that covers ventrite 5.
Material examined: A total of 67 specimens examined (26 male, 17
female, 24 unsexed).
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Figure 2.27: Habitus images of Alocommatus longicollis. Top: dorsal. Bot-
tom: lateral.
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Distribution: South Island: — / KA / —
KA: Clarence Bridge; Puhi Puhi Scenic Reserve; Rika Valley.
Etymology: Derived from the Greek pella meaning ‘cup, bowl’, in reference
to the concave form of the female ventrite 5.
8. Alocommatus sp. 41 ‘pusillus’ new species
Diagnosis: Medium species 3.93 mm to 4.8 mm (X¯ = 4.3 mm, s = 0.36, n
= 4). Ocular lobes with distinct ventral curvature. Female ventrite 5 with
steep posterior declivity, the ventral disc produced into paired lobes with
acute emargination.
Material examined: A total of 22 specimens examined (5 male, 6 female,
11 unsexed).
Distribution: South Island: — / MB, KA / —
MB: Hanmer. KA: Mt Horrible; Mt Lyford; Oaro.
Etymology: Derived from the Latin pusillus meaning ‘small’, in reference
to the smaller size of this species.
Chapter 3
Systematics
3.1 Introduction
To further investigate the evolution and biogeography of Chalepistes and
other taxa in the Brachyolus group, it is essential to infer a phylogeny that
gives reliable estimates of relationships and dates of divergence. However,
being a large, diverse group, weevils provide many challenges for achieving
a stable classification. Therefore, while there have been several systematic
studies into the evolution of weevils in the past few decades (Kuschel, 1995;
Marvaldi et al., 2002; Hundsdoerfer et al., 2009; McKenna et al., 2009; Jordal
et al., 2011), these studies were necessarily limited in their taxon sampling.
Essentially, they have confirmed and stabilised the family-level classification
of the superfamily, however lack of clarity in subfamilial and tribal classifi-
cation within the Curculionidae make it difficult to draw evolutionary infer-
ences from these studies (Franz & Engel, 2010). Demonstrating the mono-
phyly of intra-familial groupings is essential for further advances in weevil
higher systematics. Other entimine groups that have been studied system-
atically include Laparocerus (Machado et al., 2008), Sitona (Vela´zquez De
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Castro et al., 2007), Galapaganus (Lanteri, 1992; Sequeira et al., 2008b),
Exophthalmus (Mazo-Vargas, 2011; Franz, 2012), Ectemnorhinus (Grobler
et al., 2011b), Lachnopus (Giro´n & Franz, 2012), Teratopactus (del R´ıo et al.,
2006), Leschenius (del Rio et al., 2012), Pantomorus (Scataglini et al., 2005;
Rosas et al., 2011), and Entimus (Vanin & Gaiger, 2005). The majority of
these studies have used morphological characters for inferring relationships,
resulting in a deep knowledge of the classes of characters that vary in Entim-
inae groups. However, analysis of deeper relationships with morphological
characters is often hindered by substantial homoplasy in many traditionally
defined characters (Franz, 2014). Molecular systematic studies have gen-
erally largely confirmed morphological findings, though an exception is the
Ectemnorhinus group, which resulted in the recognition of a cryptic species
and previously unrecognised relationships (Grobler et al., 2011b). Unfortu-
nately, most studies have sequenced different gene regions from each other,
limiting the possibility of combining data from previous research.
The reduction of land area during the Oligocene inundation (20–16 mya)
has been recently reemphasised as a major influence on the New Zealand
biota (Cooper & Cooper, 1995; Landis et al., 2008; Campbell & Hutching,
2007), with the implication that many New Zealand lineages arrived through
long-distance dispersal across water since the Oligocene. The past decades
have seen the publication of many studies that reconstruct the phylogeny of
a wide range of New Zealand taxa (Wallis & Trewick, 2009; Buckley et al.,
2015). Many of these studies show that these lineages have ages that too
recent to be consistent with a vicariant origin at the time that Zealandia
separated from the remainder of Gondwanaland (e.g. Krosch & Cranston,
2013; Lessard et al., 2013).
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The mountains of New Zealand are geologically very recent. The South-
ern Alps are estimated to have arisen within the past 5 mya, with a persis-
tent alpine zone only being present for the past 1.2 my (Heenan & McGlone,
2013), with a similar timing posited for the block faulting that created the
Central Otago ranges. Being so young, it is therefore surprising that the
alpine regions have a rich endemic fauna and flora, including many broad-
nosed weevil species, which are associated with specialist high-alpine vegeta-
tion types, including fellfield, cushion vegetation and snowbanks; as well as
low-alpine vegetation such as snow tussock grassland, herbfields and bogs.
Around 700 plant species (approximately 28% of the New Zealand flora) are
found in alpine areas, and 93% of these are endemic to New Zealand (Mark,
2012). The New Zealand alpine flora is largely recently derived, with the
estimated age of most lineages being between 2 and 14 mya (Heenan & Mc-
Glone, 2013; Winkworth et al., 2005). Most lineages have arrived in New
Zealand by long-distance dispersal, including a substantial number from the
Northern Hemisphere and South America (Winkworth et al., 2005). The
alpine invertebrate fauna has not yet been reviewed in the same detail, but
is likely to be of a similar proportions as the flora (e.g. Dugdale & Fleming,
1978; Leschen & Buckley, 2015; Hoare, 2012). Those taxa that have been
the subject of recent systematic study are also relatively recent in age, with
ages of 2.6–17 mya (Buckley & Simon, 2007).
This chapter aims to construct a comprehensive phylogeny of the New
Zealand Entiminae using molecular markers, focussing on the members of
the Brachyolus group of Kuschel (1969); specifically Chalepistes new genus,
Alocommatus new genus, Austromonticolus new genus, Irenimus Pascoe,
Brachyolus White, Echinopeplus Broun, Haplolobus Broun, Inophloeus Pas-
coe, Neoevas Broun, Nicaeana Pascoe, Protolobus Sharp, Sargon Broun,
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Table 3.1: Markers and PCR primer combinations used in this research
Marker Primer name Direction Primer sequence Reference
COI C1-J-2183 Forward 5′-CAA CAT TTA TTT TGA TTT TTT GG-3′ Simon et al. 1994
LCO1490-JJ Forward 5′-CHA CWA AYC ATA AAG ATA TYG G-3′ Astrin & Stu¨ben 2008
HCO2198-JJ Reverse 5′-AWA CTT CVG GRT GVC CAA ARA ATC A-3′ Astrin & Stu¨ben 2008
TL2-N-3014 Reverse 5′-TCC AAT GCA CTA ATC TGC CAT ATT A-3′ Simon et al. 1994
28S S3660 Forward 5′-GAG AGT TMA ASA GTA CGT GAA AC-3′ Sequeira et al. 2000b
28S-Ff Reverse 5′-TTA CAC ACT CCT TAG CGG AT-3′ Go´mez-Zurita et al. 2005
ArgK ArgKforB4 Forward 5′-GAY CCC ATC ATC GAR GAC TAC C-3′ McKenna et al. 2009
ArgKrevB1 Reverse 5′-TCN GTR AGR CCC ATW CGT CTC-3′ McKenna et al. 2009
CAD CADfor4 Forward 5′-TGG AAR GAR GTB GAR TAC GAR GTG GTY CG-3′ Jordal et al. 2011
CADrev1mod Reverse 5′-GCC ATY RCY TCB CCY ACR CTY TTC AT-3′ Jordal et al. 2011
and Zenagraphus Broun. The relationships and dates of divergence esti-
mated from this will enable subsequent investigation of factors that may
have influenced the evolution of this species group.
3.2 Methods
3.2.1 Taxon coverage and specimens
Fresh specimens were preferentially used for DNA extraction and sequenc-
ing. These were collected from the field by beating, vacuum sampling, turf
sampling, or soil sampling and preserved in 100% ethanol. In the labora-
tory, the abdomen was removed for genitalia dissections, and cleared using
porcine pancreatin solution (A´lvarez Padilla & Hormiga, 2008). DNA was
extracted from the lysate resulting from this step.
3.2.2 Molecular methods
DNA was extracted using the Zymo Quick g-DNA Miniprep Kit (Zymo
Research Corporation, Irvine, CA, U. S. A.), following the manufacturer’s
instructions for a proteinase k extraction.
DNA was amplified using a 25 µl PCR reaction consisting of 1.25 U iS-
tar Taq (iNtRON Biotechnology, Seongnam, South Korea), 0.4 mm dNTP,
1.5 mm MgCl2 and 0.2 µm of both forward and reverse primers for the cy-
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tochrome c oxidase subunit I (COI) mitochondrial gene, the D2-D3 region of
the 28S ribosomal RNA gene, the nuclear protein-coding gene arginine kinase
(ArgK) and the nuclear protein-coding carbamoyl-phosphate synthetase 2-
aspartate transcarbamylase-dihydroorotase (CAD) gene (Table 3.1). Mark-
ers were chosen to provide broad congruence with other weevil molecular sys-
tematic studies (McKenna et al., 2009; Jordal et al., 2011). The COI primer
combination LCO1490-JJ/TL2-N-3014 was used preferentially, in order to
amplify the whole gene, which was then sequenced using all four primers.
If amplification using this combination was not successful, C1-J-2183/TL2-
N-3014 was used. A list of the primers that were tested, but which were
not regularly used is given in Table 3.2. Multiple primers were tested in
attempts to increase product yield, and to increase taxon coverage. Elon-
gation factor 1α was tested and proved to be readily amplified, but has
been shown to have multiple copies (Klopfstein & Ronquist, 2013), and is
no longer recommended for phylogenetic purposes.
Polymerase chain reactions (PCR) were run on a C1000 Touch thermal
cycler (Bio-Rad Laboratories Inc., Hercules, CA, USA) or a MJ Mini ther-
mal cycler (Bio-Rad Laboratories Inc.) with an initial denature of 94℃ for
2 min, followed by 40 cycles of 94℃ (20 s), variable annealing temperature
(20 s) and 72℃ (60 s), and with a final extension at 72℃ for 5 min. Anneal-
ing temperatures were 45℃ for COI, and 52℃ for 28S reactions. ArgK and
CAD reactions were amplified using a touchdown protocol, with annealing
temperatures starting at 50℃, decreasing by 1℃ per cycle for 5 cycles, fol-
lowed by 35 cycles at 45℃. PCR products were checked on 0.8% agarose gels,
with a Tris/Borate/EDTA buffer with a pH of 8.4. Gels were run at 110 V
and 50 mA for 40 min. Gels were stained during casting with RedSafe®,
and viewed with a GeneWizard Gel imaging system (SynGene, Cambridge,
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Table 3.2: Primers tested for PCR, and the reasons they were not used. Primers were initially tested on a sample of five
specimens (Alocommatus pusillus, Chalepistes spermophilus, C. costifer, Brachyolus punctatus, and N. gen. 2 sp. 1). Poor:
few samples amplified with only weak bands. Unreliable: few samples amplified with strong bands.
Primer name Primer sequence Reference Combinations Result
Elongation factor 1 α
EF1A-for1deg 5′-GYA TCG ACA ARC GTA CSA TYG-3′ McKenna et al. 2009 EF1A-for1deg/EF1A-
Cho10rev1
Adequate, c. 1200 bp
EF1A-for1deg/EF1A-Cho10-
mod
Worked poorly, c. 1200 bp
EF1A-Cho10rev1 5′-AGC ATC DCC AGA YTT GAT RGC-3′ McKenna et al. 2009 See above See above
EF1A-Cho10-mod 5′-ACR GCV ACK GTY TGH CKC ATG TC-3′ McKenna et al. 2009 See above See above
EFS149 5′-ATC GAG AAG TTC GAG AAG TTC GAG AAG GAG
GCY CAR GAA ATG GG-3′
McKenna et al. 2009 EFS149/EFA747 Adequate, c. 800 bp
EFA747 5′-CCA CCA ATT TTG TAG ACA TC-3′ McKenna et al. 2009 See above See above
EF1F 5′-TGG TGA ATT TGA GGC TGG TAT CT-3′ Hughes & Vogler 2004b EF1F/EF1R Excellent, c. 800bp
EF1R 5′-TAG GTG GGT TGT TCT TGG AGT CA-3′ Hughes & Vogler 2004b See above See above
CAD
CADforB2 5′-GAR AAR GTN GCN CCN AGT ATG GC-3′ Jordal et al. 2011 CADforB2/CADre1mod Unreliable, c. 1200 bp
CAD581-F2 5′-GGW GGW CAA ACW GCW YTM AAY TGY GG-3′ Jordal et al. 2011 CAD581-F2/CADrev1mod Poor, c. 1200 bp
CD439Fgela 5′-GCG GCG TTT TCT TTA GGT GGT CTT GG-3′ Polihronakis et al. 2010 CD439Fgela/CD688Fgela Did not amplify
CD688Rgela 5′-GCT TTT AGT TCT TCA TTA CTA TCA GC-3′ Polihronakis et al. 2010 See above See above
CD439F 5′-TTC AGT GTA CAR TTY CAY CCH GAR CAY AC-3′ Wild & Maddison 2008 CD439F/CD668R Did not amplify
CD439F/CD688R Did not amplify
CD439F/CD688R nested post
CD439F/CD1098R2
Incorrect product amplified
CD439F/CD828R Did not amplify
CD439F/CD851R Did not amplify
CD439F/CD1098R2 Did not amplify
CD630F 5′-TCT CTT GGA GGT TTR GGN TCD GGD TTY GC-3′ Wild & Maddison 2008 CD630F/CD688R Did not amplify
CD630F/CD828R Did not amplify
CD630F/CD851R Did not amplify
CD630F/CD1098R2 Did not amplify
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Table 3.2: Primers tested for PCR, and the reasons they were not used (continued).
Primer name Primer sequence Reference Combinations Result
CD667F 5′-GGA TGG AAG GAA GTD GAR TAY GAR GT-3′ Wild & Maddison 2008 CD667F/CD851R nested post
CD439F/CD1098R2
Did not amplify
CD821F 5′-AGC ACG AAA ATH GGN AGY TCN ATG AAR AG-3′ Wild & Maddison 2008 CD821F/CD1098R2 nested
post CD439F/CD1098R2
Did not amplify
CD668R 5′-ACG ACT TCA TAY TCN ACY TCY TTC CA-3′ Wild & Maddison 2008 See above See above
CD688R 5′-TGT ATA CCT AGA GGA TCD ACR TTY TCC ATR
TTR CA-3′
Wild & Maddison 2008 See above See above
CD828R 5′-GCC ATT ACY TCN CCN ACA CTY TTC AT-3′ Wild & Maddison 2008 See above See above
CD851R 5′-GGA TCG AAG CCA TTH ACA TTY TCR TCH ACC
AT-3′
Wild & Maddison 2008 See above See above
CD1098R2 5′-GCT ATG TTG TTN GGN AGY TGD CCN CCC AT-3′ Wild & Maddison 2008 See above See above
M13REV-CADforB2 5′-CAG GAA ACA GCT ATG ACC GAR AAR GTN GCN
CCN AGT ATG GC-3′
This study M13REV-CADforB2/M13(-
21)-CADrev1mod
Did not amplify
M13REV-CADfor4 5′-CAG GAA ACA GCT ATG ACC TGG AAR GAR GTB
GAR TAC GAR GTG GTY CG-3′
This study M13REV-CADfor4/M13(-21)-
CADrev1mod
Poor, c. 500 bp
M13(-21)-
CADrev1mod
5′-TGT AAA ACG GCC AGT GCC ATY RCY TCB CCY
ACR CTY TTC AT-3′
This study See above See above
12S & 16S
16cF 5′-CGG TGT TAT CCC TAA GGT-3′ 16cF/SR-N-14588 Did not amplify
SR-N-14588 5′-AAA CTA GGA TTA GAT ACC CTA TTA T-3′ Simon et al. 1994 See above See above
16yF 5′-CCC TGA TAC CCA GGT AC-3′ 16yF/SR-N-14588 Poor, c.800 bp
SR-J-14612 5′-AGG GTA TCT AAT CCT AGT TT-3′ Simon et al. 1994 SR-J-14612/TL2-N-3014 Did not amplify
SR-J-14612/SR-N-14588 Adequate, c. 400 bp
SR-J-14233 5′-AAG AGC GAC GGG CGA TGT GT-3′ Simon et al. 1994 See above See above
COI
LCO1490-JJ-al 5′-TAY TCH ACY AAY CAY AAA GAY ATY GG-3′ Astrin et al. 2012 LCO1490-JJ-al/HCO2198-JJ Poor, c. 700 bp
LCO1490-JJ-al/TL2-N-3014 Poor, c. 1400 bp
S1541-weevil 5′-TGR GGW ATR RTN GGN ACI TC-3′ S1541-weevil/TL2-N-3014 Unreliable, c. 1600 bp
TY-J-1460-weevil 5′-TAC ART TTA TCR CCT TTT TTC AGC C-3′ This study TY-J-1460-weevil/TL2-N-3014 Poor, c. 1600 bp
TY-J-1460 5′-TAC AAT TTA TCG CCT AAA CTT CAG CC-3′ Simon et al. 1994 TY-J-1460/HCO2198 Did not amplify
TY-J-1460/TL2-N-3014 Did not amplify Entiminae
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Table 3.2: Primers tested for PCR, and the reasons they were not used (continued).
Primer name Primer sequence Reference Combinations Result
Fol-degen-for 5′-AYT CNA CNA AYC AYA ARG AYA TYG G-3′ Yu et al. 2012 Fol-degen-for/2560-degen-rev Poor, c. 1000 bp
Fol-degen-for/TL2-N-3014 Poor, c. 1400 bp
2560-degen-rev 5′-CCN GTR AAN ARN GGR AAY CAY TG-3′ Yu et al. 2012 See above See above
jgLCO1490 5′-TIT CIA CIA AYC AYA ARG AYA TTG G-3′ Geller et al. 2013 jgLCO1490/jgHCO2198 Did not amplify
jgLCO1490/TL2-N-3014 Did not amplify
jgHCO2198 5′-TAI ACY TCI GGR TGI CCR AAR AAY CA-3′ Geller et al. 2013 See above See above
C1-J-1718 5′-GGA GGA TTT GGA AAT TGA TTA GTT CC-3′ Simon et al. 1994 C1-J-1718/TL2-N-3014 Unreliable, c. 1300 bp
LCO1490 5′-GGT CAA CAA ATC ATA AAG ATA TTG G-3′ Folmer et al. 1994 LC01490/HCO2198 Unreliable, c. 700 bp
LC01490/C1-N-2560(weevil) Did not amplify
LC01490/TL2-N-3014 Unreliable, c. 1600 bp
HCO2198 5′-TAA ACT TCA GGG TGA CCA AAA AAT CA-3′ Folmer et al. 1994 See above See above
C1-N-2560(weevil) 5′-CCN GTR AAT ARN GGG AAT CAT TG-3′ Vink & Phillips 2007 See above See above
Arginine Kinase
ArgKG1f 5′-ATY GGW ATC TAY GCT CCY GAY GC-3′ Herna´ndez-Vera et al. 2013 ArgKG1f/ArgKG1r Adequate, c. 900 bp. Bands
sharper than usual primers
ArgKG1r 5′-GCC CAT WCG TCT CTT RTT RGA AAT-3′ Herna´ndez-Vera et al. 2013 See above See above
M13REV-ArgKforB4 5′-CAG GAA ACA GCT ATG ACC GAY CCC ATC ATC
GAR GAC TAC C-3′
This study M13REV-ArgKforB4/M13(-
21)-ArgKrevB1
Adequate, c. 900 bp. No better
than standard primers
M13(-21)-ArgKrevB1 5′-TGT AAA ACG ACG GCC AGT TCN GTR AGR CCC
ATW CGT CTC-3′
This study See above See above
ArgKforB2 5′-GAY TCC GGW ATY GGW ATC TAT GCT CC-3′ McKenna et al. 2009 ArgKforB2/ArgKrevB1 Poor, c. 900
28S
28S-Dd 5′-GGG ACC CGT CTT GAA ACA C-3′ Go´mez-Zurita et al. 2005 28S-Dd/28S-Ff Excellent. Usual primers are longer
A335 5′-TCG GAR GGA ACC AGC TAC TA-3′ Sequeira et al. 2000b S3660/A335 Excellent. Usual primers are longer
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England).
PCR products were purified using a polyethylene glycol protocol (Sam-
brook & Russell, 2001, pg 12.31), and sent for sequencing by Macrogen
(Seoul, Korea) using ABI BigDye 3.1 technology on an ABI3730XL platform
(Applied Biosystems). DNA sequences were aligned by eye using Seaview
(Guoy et al., 2010) and were trimmed to minimise the amount of missing
data.
3.2.3 Data Analysis
Phylogenetic inference
Species trees were inferred from all available DNA sequence data using
*BEAST (Heled & Drummond, 2010). This program uses multispecies
coalescent models to infer a tree for each gene while simultaneously embed-
ding them within a species tree based on taxa specified a priori. The XML
input file was created using BEAUti, with subsequent manual modification
to include a starting species tree, and appropriate substitution models for
each gene. The most appropriate model of evolution for each locus was de-
termined using jModelTest (Posada, 2008), with the model chosen being
that with the lowest parameters within 4 units of the model with the lowest
Bayesian Information Criterion. Branch rates were estimated using an un-
correlated lognormal relaxed molecular clock, with default priors. Analyses
were performed using Markov Chain Monte Carlo simulations for 200 mil-
lion generations, sampling every 100 000 generation. Parameter convergence
and estimates were determined using Tracer (Rambaut et al., 2014), with
trees summarised and node posterior probabilities (PP) calculated using
TreeAnnotator (Drummond & Rambaut, 2007).
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Gene trees were inspected to determine the monophyly of species within
Irenimus, Austromonticolus, Alocommatus and Chalepistes. Species were
classed as monophylyetic, paraphyletic, shallowly polyphyletic when the
least inclusive clade contains other species within the same species group, or
deeply polyphyletic when the least inclusive clade contains species outside
the taxon’s species group. Support for these relationships was determined
with a PP > 0.5.
The phylogenetic utility of high numbers of intra-individual site poly-
morphisms (2ISPs) in CAD was evaluated by inferring phylogenies using
the step model of Potts et al. (2014). For the polymorphism informative
(PI) analysis, sequence data was recoded into integer and alphabetical val-
ues, before being run in RAxML (Stamatakis, 2014) using the MULTIGAMMA
model. The resulting tree was compared with a maximum likelihood (ML)
tree inferred from the nucleotide data run in RAxML using the GTRGAMMA
model.
Divergence time estimates
Divergence times estimates were obtained using three methods. The first
used a fossil calibration to set an age prior for the Entiminae clade. The
second placed priors on the substitution rates of COI and 28S. The third
applied a fixed divergence rate to COI and 28S genetic distances.
Fossil calibration was based on the oldest fossil entimine weevil currently
known, Dorotheus guidensis Kuschel (1959) from Chile, dated to the Upper
Cretaceous (Maastrichtian, 70.6–65.5 mya). The Entiminae ingroup was
constrained to be monophyletic, and the crown node was assigned a gamma
distribution with α = 2.0, β = 16 and an offset of 65, resulting in an age
prior with 5% quantile of 70.7 mya, median 91.9 mya and 95% quantile of
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141 mya. The large error indicates that D. guidensis possesses characters
allowing it to be placed in a modern tribe of Entiminae, thereby indicating
that entimine weevils had already begun to diverge. While other deposits of
Cretaceous weevils (Kuschel et al., 1994) have not yielded entimine fossils,
specimens of Scolytinae have been found in Burmese and Lebanese amber,
of Jurassic to Early Cretaceous age (155–99 mya) (Kirejtshuk et al., 2009;
Cognato & Grimaldi, 2009). Recent molecular analyses place the Scolytinae
deep within the Curculionidae (Jordal et al., 2011), a placement that is stable
regardless of taxon sampling and dating methods (Jordal et al., 2011). It is
therefore reasonable to assume that the Entiminae arose around the same
period.
Substitution rate priors were based on rates of molecular evolution de-
termined from Aegean tenebrionid beetles (Papadopoulou et al., 2010). The
MeanRatePrior for COI was assigned a normal distribution with mean
0.0168 and standard deviation of 0.0018, while 28S, ArgK and CAD were all
assigned uniform priors. The UCLDstdevPrior for COI was set as a normal
distribution with a mean of 0.0168 and standard deviation of 0.0018, and
the parameters for 28S was set as 3.1057 and 1.0567 respectively. This prior
was not assigned for ArgK and CAD. In this analysis, the Entiminae were
not constrained to be monophyletic.
In addition to the method described above, estimates of divergence times
were made by applying a na¨ıve divergence rate to COI and 28S genetic dis-
tance matrices (Trewick & Wallis, 2001). Patristic and GTR + Γ distances
were used. Estimates of divergence rates were 1.5% My−1, 2.3% My−1 and
3.54% My−1 for COI, and 0.12% My−1 for 28S (Papadopoulou et al., 2010).
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Diversification tests
Lineage-through-time plots were plotted with ape. The rates of speciation
and extinction were estimated by fitting birth-death and yule models in ape,
and the γ statistic of constant diversification was calculated in phytools
(Revell, 2012).
Time to speciation
The distribution of the estimated time to speciation was determined using
the method of Hedges et al. (2015). The COI gene tree from the three gene
analysis was used, as this returned tips for all specimens, thereby allowing
crown and stem ages for the taxon to be determined; this also had the closest
tree height to the species tree. Edge lengths leading to monophyletic species
were returned and used to plot a histogram and calculate the mean time to
speciation.
3.3 Results
3.3.1 Taxon sampling
A total of 106 taxa were included in the analysis. The majority of these
were represented by multiple sequences from all four gene regions (Table
3.3), however 21 taxa did not have all four genes represented. Of these,
11 taxa had all but CAD, two with all but ArgK, one with all but COI,
and seven with only 28S and COI data available. Three non-entimine wee-
vil outgroup taxa from New Zealand were used to root the tree. These
were Abantiadinus nodipennis (Broun, 1914) (Curculioninae), Orthochaetes
setiger (Beck, 1817) (Curculioninae), and an undescribed genus and species
of eugnomine Curculioninae. Outgroups within the Entiminae include four
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Table 3.3: Summary statistics of each gene region used in this study. All
variable sites includes alignment gaps and ambiguous sites. Parsimony in-
formative sites include only those sites that contain at least two bases, and
with at least two sequences sharing each base. Polymorphic sites are the
number of sites where intra-individual polymorphic sites are present.
Marker COI 28S ArgK CAD
Sequences 284 308 264 233
Length 682 749 603 434
All variable sites 302 219 189 186
All variable sites (%) 44% 29% 31% 42%
Parsimony-informative sites 281 87 134 143
Polymorphic sites 105 33 25 136
Species represented 105 106 97 88
Median sequences/taxon 2 3 3 2
Maximum sequences/taxon 11 12 12 10
Base frequencies (%)
A 29.68 20.02 28.00 31.26
C 15.82 25.16 23.27 20.49
G 15.55 30.60 22.31 20.10
T 38.85 21.56 26.41 27.71
Polymorphic bases (2ISPs) 0 0 0.02 0.45
Best model TIM2 + I + Γ K80 + I + Γ TPM2 + I + Γ HKY + I + Γ
species each of Catoptes and Epitimetes, Nonnotus albicans (Broun, 1880)
and Perperus innocuus Boheman, 1842.
Within the Brachyolus group, representatives were obtained for 11 gen-
era. Neoevas and Sargon were not included because of a lack of fresh speci-
mens suitable for DNA extraction. The type species was obtained for Iren-
imus, Brachyolus, Haplolobus, Protolobus and Zenagraphus.
A sequencing success rate of 81–89% was obtained for these gene re-
gions. At least one sequence was obtained from 316 specimens, and all four
genes from 208 specimens, from a total of 356 specimens whose DNA was
extracted.
28S was the only gene region in which alignment gaps were required.
Gaps totaled 2.7% of bases, with any single sequence having a minimum of
11 and maximum of 21 gaps, the median being 20. Only the 3′ end of COI
(corresponding to bases 2215–2897 of the Drosophila yakuba mitochondrial
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genome, X03240) were used in analyses. the 5′ region of COI was not used
due to lack of taxon coverage because of difficulty amplifying this region.
3.3.2 Variation within individuals
A number of individuals were heterozygous for ArgK and CAD. These alleles
were detected by the presence of single nucleotide polymorphisms in other-
wise high quality sequence chromatograms. A total of 23 specimens from 17
species and 9 genera were heterozygous for ArgK, with up to 5 polymorphic
bases in a single sequence. A total of 126 specimens from 64 species and 15
genera had multiple CAD alleles, with a median number of 3 polymorphic
bases in a single sequence, and a maximum of 16. A total of 28 species were
represented only by specimens with heterozygous CAD sequences, including
C. aequalis, C. rubidus, C. albosparsus and C. inundans which were each
represented by four or more sequences.
Intra-individual variation in COI sequences was detected in 17 specimens
from 11 species and four genera, and totalled 172 bases across 105 positions.
Of these positions, 90 sites were in third codon positions, two in second
codon positions and 12 in first codon positions. The median number was
7 polymorphic bases in a single sequence, with a maximum of 34. The
vast majority of these polymorphisms were synonymous, but eight sites in
three species were non-synonymous. Even among these non-synonymous
polymorphies, there were no stop codons and all substitutions were to amino
acids of similar function (i.e. Ile/Val, His/Tyr, Met/Leu, Ile/Leu, Glu/Asp).
Polymorphic sites varied from being equally dominant (Figure 3.1, A & B),
to having smaller secondary peaks (Figure 3.1, C). Potential explanations
for this variation include the presence of copies of COI in the nuclear genome
(numts), or mitochondrial heteroplasmy (Magnacca & Brown, 2010).
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Figure 3.1: Chromatograms of COI from three individuals of Chalepistes
aequalis showing polymorphic bases. A and B show equally dominant poly-
morphic sites. C shows smaller secondary peaks. Arrows indicate particu-
larly clear examples.
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3.3.3 Introns
All five specimens which had CAD sequenced with CADforB2, had a length-
variable intron starting 94 bp downstream of the priming site. The intron
starts with the motif GTTAG at the 5′ end, and finishes with the motif
TTTTTAG at the 3′ end. When the sequence is translated, the intron
disrupts the amino acid motif LGSGFAN one nucleotide into the second
glycine (G) codon. This intron varies in length from 328 to 213 bases in
length. Chalepistes pensus was the only species for which multiple intron
sequences were obtained, with both sequences being of similar length (213
bp and 215 bp). This intron is present in a number of other weevil taxa,
but the length of the introns in the New Zealand Entiminae are the longest
reported thus far (Jordal et al., 2011).
3.3.4 Phylogenetic Relationships
The relationships revealed by the three species trees inferred in these anal-
yses of 106 species were broadly congruent, and showed good resolution.
The three gene, fossil-calibrated analysis, omitting the highly heteroge-
neous CAD data, confirmed a monophyletic Brachyolus group with mod-
erately high support (PP > 0.8). It also strongly supported monophyletic
Austromonticolus, Alocommatus, Nicaeana and Haplolobus with PP > 0.9
(Figure 3.2). However, Chalepistes and Irenimus were not supported (PP
< 0.5), though a clade of these two genera combined had strong support
(PP > 0.9). Relationships between other genera were unresolved.
When all four genes were included in the analysis, different relation-
ships were resolved depending on the method of calibration. Consistent
with the three gene analysis, the four gene, rate calibrated tree had good
resolution, with strong (PP > 0.9) support for a monophyletic Brachyolus
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group, Austromonticolus, Alocommatus, Nicaeana and Haplolobus, but also
for Chalepistes and Irenimus (Figure 3.3). In this analysis, Chalepistes and
Irenimus were strongly supported as sister taxa (PP > 0.8), and a mono-
phyletic Haplolobus + Alocommatus + Nicaeana clade received moderately
low (PP > 0.6) support.
In contrast, the four gene, fossil calibrated tree showed the lowest reso-
lution of the three analyses. This was particularly evident in the deeper
nodes, the majority of which had PP less than 0.5 (Figure 3.4). This
lack of resolution rendered Chalepistes, Irenimus and the wider Brachyolus
group non-monophyletic. Alocommatus, Austromonticolus and Haplolobus
remained monophyletic with high support (PP > 0.9), and Nicaeana was
monophyletic with moderate support (PP > 0.6).
Within the focal genera of this research, sister relationships between
species were generally well resolved. The relationships within Austromon-
ticolus are well supported in all analyses, with two sister taxon pairs (Au.
atriarius & Au. furcatus and Au. rotundus & Au. gigas) supported with
PP ranging from 0.6 < x < 0.9.
Similarly, relationships were well resolved within Alocommatus. The two
central Canterbury species Al. longicollis and Al. oleariphagus were strongly
supported sister taxa (PP > 0.9); they were consistently sister to Al. pusil-
lus, with PP > 0.7 in both fossil calibrated analyses, but decreased to PP
> 0.5 in the rate calibrated analysis. The three species Al. epacrus, Al.
atribetulus, and Al. macdonaldae formed a well-supported clade (PP > 0.8)
in all analyses. The relationship of Al. constrictus was not resolved in the
four gene analyses, but the species was placed as sister to the Al. epacrus:Al.
macdonaldae clade in the three gene analysis with moderate support (PP
> 0.7).
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Irenimus was consistently divided into two clades. The first, I. parilis
and I. minimus, formed a strongly supported sister species pair (0.7 > PP
> 1), while the second clade was composed of the four remaining species
and received varying support in the different analyses. However, a sister
relationship between I. crinitus and I. stichus consistently received strong
support (0.7 > PP > 1).
Within the large genus Chalepistes, eight strongly supported species
groups exist. The C. compressus group consisting of C. compressus, C.
aequalis, C. spermophilus, C. phillipsi and C. shieldsi, strongly supported
with PP > 0.9 in both four gene trees and PP > 0.7 in the three gene tree.
Relationships within the group vary, but C. aequalis and C. compressus
were consistently resolved as sister taxa with moderate support (PP > 0.7)
across all trees. The C. pensus group consisted of C. pensus, C. rhesus and
C. navicularis and was strongly supported with PP > 0.9 across all trees.
The C. costifer group included C. costifer, C. inaequalis and C. asperatus,
supported on all trees with PP > 0.8. The C. dugdalei group consisted of C.
dugdalei, C. kuscheli, C. barrattae and C. hollowayae, with strong support
on all trees (PP > 0.9). This clade is resolved as sister to C. rubidus, with
PP > 0.8, in all analyses. The C. latipennis group consisted of C. latipennis,
C. tenebricus, C. agalliasus and C. cruickshanki and was strongly supported
with PP > 0.9 in all analyses. Relationships within the group vary between
trees, but C. agalliasus and C. cruickshanki were often resolved as sister
taxa, with PP > 0.8 in the three gene analysis. The C. egens group was
made up of C. canaster, C. placidus, C. egens, C. instabilis, C. hirsutus
and C. inundans, strongly supported in all analyses with PP > 0.9. Within
the group were two strongly supported (PP > 0.9 on all trees) sister taxon
pairs; C. canaster/C. placidus and C. egens/C. instabilis. A sister taxon
3.3. RESULTS 135
relationship between C. inundans and C. hirsutus was weakly supported
(PP > 0.5) on the four gene trees, but not in the three gene tree. The
C. kopuwai group was a moderately supported group (PP > 0.6 on both
fossil calibrated trees, > 0.9 on the rate calibrated tree), consisting of six
species. Two pairs were consistently supported sister species across all three
analyses: C. elaphus and C. verticalis with PP >0.6, and C. nitidus and
C. kremnobates with PP > 0.7. The third species pair, C. kopuwai and C.
nokomai, received strong support (PP > 0.9) on the three gene tree, but
was unsupported (PP < 0.5) on both four gene trees. The C. stolidus group
consisted of C. anatobasilicum, C. stolidus and C. patricki. The group as
a whole, and a C. stolidus + C. patricki sister pair, received strong (PP
> 0.9) support in all three analyses. Finally, while C. apicalis and C. loba-
tus were strongly supported sister taxa (PP > 0.9), their relationship with
C. spectabilis, received only weak support (PP > 0.5) on the rate calibrated
tree.
A number of sister species pairs obtained moderate to high support for
their immediate relationship, but their relationships deeper in the tree were
obscure. The pairs C. coleridgensis + C. confusus and C. platycephalus + C.
albosparsus were well supported (PP > 0.8 and 0.7 respectively) in two of the
analyses, but neither are supported in the four gene fossil calibrated analysis.
Finally, C. curvus was sister to C. planithorax with moderate support on all
three trees (PP > 0.8), but not to C. similis, as might be expected by their
morphological similarity and sympatric distribution (Barratt & Kuschel,
1996). The placement of C. similis varied substantially between analyses,
as did the position of C. posticalis and C. nicaeoides.
The relationships between the species groups of Chalepistes were not
resolved with high degrees of support. However, the C. compressus group,
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C. latipennis group, C. egens group and the C. stolidus group formed a
clade with five other species, that received moderate support (PP > 0.7) in
all three analyses. In the four gene datasets, C. curvus and C. planithorax
were placed in this clade, while in the three gene dataset, these two species
fell elsewhere in the tree. The four gene datasets also weakly supported (PP
> 0.5) a clade consisting of the C. costifer group, C. rubidus, C. dugdalei
group, and the C. kopuwai group, however, this clade was not supported in
the three gene analysis.
In the more poorly represented genera, Zenagraphus and Inophloeus s.
str., as represented by In. sulcatus Broun, 1893 and In. praelatus Broun,
1886, were consistently resolved as sister taxa. Inophloeus sp. COOK and
In. sp. WD consistently resolved as sister taxa, and together formed the
sister taxon to Austromonticolus. Brachyolus punctatus White, 1846 was
resolved as sister to In. sternalis Broun, 1904 with strong support (PP
> 0.8) in the three gene and four gene rate calibrated trees. Brachyolus
varius Broun, 1913 had no close relatives, but is not congeneric with B.
punctatus. Inophloeus villosus Pascoe, 1875 was not placed with the true
species of Inophloeus, as predicted by morphology, and will require the erec-
tion of a new genus to accomodate this and related species. The placement
of Echinopeplus insolitus (Sharp, 1886) and Protolobus are not resolved with
consistency. A relationship posited between these two genera in the four gene
fossil calibrated dataset is likely to be an artifact of long branch attraction.
Catoptes was resolved as non-monophyletic in all trees, with Ca. censorius
(Pascoe, 1876) being sister to an undescribed genus, and N. albicans nested
within a clade with the remaining species of Catoptes.
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3.3.5 Gene trees
The patterns of taxon monophyly of the 68 species of Irenimus, Austromon-
ticolus, Alocommatus and Chalepistes showed a general trend that genes
with a higher rate of molecular evolution showed higher numbers of taxa
resolved as monophyletic in the gene tree (Figures 3.5–3.8). Thus, 28S had
a relatively low number of monophyletic morphologically defined species,
while COI had the greatest. The exception to this is CAD, with the lowest
degree of taxon monophyly.
In the 28S gene tree, 39 species were resolved as monophyletic, though
for seven species this was unsupported (PP < 0.5) (Figure 3.5). A total of 11
species were represented by a single sequence, and 17 species were resolved
as not monophyletic. The majority of these cases of non-monophyly were
not supported, however, and were primarily composed of shallow polyphyly
and paraphyly. A single instance of deep polyphyly was supported, with a
C. costifer sequence being very distant from other conspecific sequences.
The ArgK gene tree had 40 monophyletic species, with four species that
recieved no support (Figure 3.6). Singletons were slightly higher (13), and 15
species were not monophyletic. ArgK had the greatest number of supported
cases of deep polyphyly, with four species (Al. atribetulus, I. parilis, C.
navicularis and C. albosparsus) having sequences that appeared in unrelated
clades. In all these cases contamination can be ruled out, as the sequences
do not cluster closely with different species, but are distinct from all other
species. The placement of some species within the tree was problematic,
including C. similis being sister to Al. epacrus + Al. macdonaldae, the
division of Alocommatus into two clades, and Catoptes murinus being sister
to N. cinerea + N. sp. OM.
The COI gene tree showed the greatest degree of species monophyly,
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with 47 species (Figure 3.7). All of these species were supported with PP
> 0.5. Eleven species were represented by a single sequence, and 10 species
were resolved as being not monophyletic. Of these, eight were instances of
shallow polyphyly and two were instances of paraphyly. A complex situation
exists in the C. pensus species group. Chalepistes rhesus and C. navicularis
form mixed clades, that received moderately high support (PP > 0.8); and
together formed a basal group with a derived, monophyletic C. pensus clade.
The CAD gene tree had the most singletons (16), and the fewest mono-
phyletic species (36), though all but one of these was supported with PP
> 0.5 (Figure 3.8). A total of 16 species were not monophyletic. Twelve
species were shallowly polyphyletic, while four were paraphyletic.
While the number of total number of variable sites in CAD was rela-
tively high (Table 3.3), pairwise differences between individuals were actually
rather low. The median pairwise difference for CAD was 17 substitutions
(including polymorphic sites), compared with 80 for COI. This was reflected
in the CAD ML tree, which showed low resolution and short branch lengths
(Figure 3.9). In the PI analysis, when polymorphic sites were considered as
characters, terminal branch lengths increased while internal branches were
reduced (Figure 3.10). Hypothesised relationships were largely unchanged
between the two analyses. The major exception was the relationships of C.
rubidus, C. platycephalus, C. posticalis and the C. dugdalei -group. In the
ML analysis, C. rubidus and C. posticalis were sister taxa, as were C. platy-
cephalus and the C. dugdalei -group with the exception of C. kuscheli, which
was placed in a clade with C. tenebricus and allies. In the PI analysis, C.
platycephalus and C. kuscheli were sister taxa, which formed a clade with
the remainder of the C. dugdalei -group; relationships between these and C.
posticalis and C. rubidus were unclear.
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Figure 3.9: Maximum likelihood tree of CAD gene sequences, run under a
GTR + Γ model (ML analysis). The taxon represented by the long branch
is the undescribed Eugnomine weevil species. To adequately read the tip
labels, the reader is referred to the PDF version of the thesis.
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Figure 3.10: Maximum likelihood tree of CAD gene sequences, run under a
multistate model to account for base polymorphisms (PI analysis). The taxa
represented by long branch are the undescribed Eugnomine weevil species,
and Catoptes censorius + Epitimetes sp. 2. To adequately read the tip
labels, the reader is referred to the PDF version of the thesis.
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A number of species groups showed particularly interesting patterns of
monophyly, paraphyly and polyphyly in the structure of their genetic re-
lationships, and are listed below. These non-monophyletic relationships
indicate recent divergence, and the differing gene histories may allow the
evaluation of possible evolutionary scenarios leading to speciation.
The species pair of Al. longicollis and Al. oleariphagus showed recipro-
cal monophyly in the COI gene tree, however, in the other gene regions one
taxon was paraphyletic to the other. In 28S it was Al. longicollis that was
paraphyletic, whereas in ArgK and CAD it was Al. oleariphagus, although
only the paraphyly in ArgK received moderately high support (PP > 0.8).
Chalepistes pensus was rendered paraphyletic by C. rhesus and C. navicu-
laris in 28S, while in the other three genes, C. pensus is monophyletic and
renders C. rhesus and C. navicularis paraphyletic. In CAD, COI and ArgK,
C. rhesus and C. navicularis showed patterns of reciprocal polyphyly. The
C. stolidus group showed complex patterns of shallow polyphyly in all four
gene regions. Within the C. latipennis group, all species were reciprocally
monophyletic in 28S and COI, though some of the clades in the former were
not supported. However, in ArgK and CAD C. agalliasus and C. tenebricus
showed complex patterns of polyphyly. The relationships of the C. egens
group were variable across the four genes, with no consistent pattern. The
clearest structure was C. placidus being placed as paraphyletic with respect
to C. canaster in 28S and ArgK, with the two species being reciprocally
monophyletic in COI. Chalepistes egens and C. instabilis were frequently
arranged together, without any clear pattern. Chalepistes inundans was
polyphyletic in most genes and often encompassed C. hirsutus. The C. egens
group showed a complex pattern of relationships in CAD, with sequences
of C. placidus, C. instabilis and C. egens being resolved in two distinctly
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Table 3.4: Mean ± standard deviation of molecular evolution rate parame-
ters as estimated by *BEAST. Top: rates from three gene dataset with fossil
calibration. Bottom: rates from four gene dataset with rate calibration.
Mean rate ucld mean ucld standard deviation Coefficient of variation
28S 7.04×10−5 ± 1.27×10−5 4.34×10−5 ± 9.12×10−6 1.25×100 ± 1.64×10−1 1.83×100 ± 3.64×10−1
ArgK 1.20×10−4 ± 2.08×10−5 6.53×10−1 ± 1.53×10−1 6.01×10−1 ± 1.22×10−1 6.53×10−1 ± 1.53×10−1
COI 1.56×10−3 ± 2.37×10−4 1.63×10−3 ± 2.54×10−4 2.22×10−1 ± 4.19×10−2 2.25×10−1 ± 4.29×10−2
Mean rate ucld mean ucld standard deviation Coefficient of variation
28S 7.79×10−4 ± 1.09×10−4 5.00×10−4 ± 9.62×10−5 1.34×100 ± 1.75×10−1 2.10×100 ± 4.49×10−1
ArgK 1.27×10−3 ± 1.66×10−4 1.25×10−3 ± 1.61×10−4 5.58×10−1 ± 1.26×10−1 5.99×10−1 ± 1.51×10−1
COI 1.66×10−2 ± 1.70×10−3 1.75×10−2 ± 1.76×10−3 2.66×10−1 ± 3.63×10−2 2.70×10−1 ± 3.80×10−2
CAD 3.32×10−3 ± 4.24×10−4 3.28×10−3 ± 4.26×10−4 7.20×10−1 ± 1.14×10−1 7.99×10−1 ± 1.53×10−1
separate clades. Both C. canaster and C. inundans were monophyletic,
though C. inundans was unsupported. The C. dugdalei group showed the
most intriguing patterns of all. In 28S, the group was monophyletic with
strong support (PP > 0.9), and C. dugdalei was monophyletic with weak
support (PP > 0.5). Other relationships were unsupported, but showed sub-
stantial shallow polyphyly. Within ArgK, all four species were reciprocally
monophyletic. Once again, C. dugdalei was the only supported clade, albeit
weakly, but there appeared to be two sister taxon groups C. dugdalei + C.
hollowayae and C. barrattae + C. kuscheli. Relationships in COI were all
strongly supported (PP > 0.9) and revealed a monophyletic C. dugdalei and
C. hollowayae. Most specimens of C. barrattae were in a single clade, but
one sequence was sister to C. dugdalei + C. hollowayae. The two sequences
from C. kuscheli were disparate, with one sequence being sister to C. hol-
lowayae and one sister to the C. barrattae clade. Finally, in CAD it was C.
kuscheli and C. dugdalei that were monophyletic with strong support (PP
> 0.9), while C. barrattae and C. hollowayae were polyphyletic, and formed
a basal comb to C. dugdalei.
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3.3.6 Rates and dates of divergence
The relative rates of molecular evolution were similar in both analyses (Ta-
ble 3.4). COI was the fastest evolving gene, and 28S had the lowest rate of
substitution. Likewise, COI was the most clock-like, and 28S had the great-
est amount of rate heterogeneity. The mean rate and ucld mean is an order
of magnitude lower in the fossil calibrated dataset. In the rate calibrated
analysis, the mean rate of COI evolution does not substantially differ from
the value of the prior, while the ucld standard deviation values show greater
deviation from the prior value.
Estimated crown ages of clades of interest are shown in Table 3.5.
Comparisons between the crown ages estimated by the three gene, fos-
sil calibrated tree (Figure 3.2), and dates estimated by applying a na¨ıve
molecular clock to COI maximum likelihood genetic distances showed broad
congruence (Table 3.5). In 15 of the 20 clades of interest, there was over-
lap between the two methods, though in every case but one, it was the
slower molecular clock rate (1.5%) that provided the overlap. Exceptions
to this were the ages of Chalepistes and C. lobatus/C. apicalis, which had
older estimates from the species tree; and the age of the C. stolidus + C.
patricki clade, which was estimated by the tree to be younger than both
na¨ıve molecular clock estimates.
Seven clades had congruent date estimates between the fossil calibrated
tree and the 28S na¨ıve clock, with the species tree providing older esti-
mates in the remainder. Of the ten exclusively alpine clades, seven have
fossil calibrated ages that straddle the 5 mya boundary, and are therefore
consistent with geological estimates of uplift. Three clades (Austromonti-
colus, the Austromonticolus:Zenagraphus clade, and C. curvus/C. planitho-
rax ) have divergence dates that are substantially older than accepted dates
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Table 3.5: Estimated crown age of clades. Fossil 95% HPD: Age estimates based on the 95% highest posterior density interval (HPD) from the
three gene, fossil calibrated species tree (Figure 3.2). Rate 95% HPD: Age estimates based on the 95% HPD from the rate calibrated species tree
(Figure 3.3). COI p dist: maximum intra-clade uncorrected pairwise COI genetic distance. Age (1.5%): Estimated age by applying a rate of 0.015
substitutions site−1 million years−1(s s−1my−1) to COI p-distance. COI ML dist: maximum intra-clade maximum likelihood (ML) COI genetic
distance. Age (3.54%): Estimated age by applying a rate of 0.0354 s s−1my−1 to COI ML distance. Age (1.5%): Estimated age by applying a rate
of 0.015 s s−1my−1 to COI ML distance. 28S p dist: maximum intra-clade uncorrected pairwise 28S genetic distance. Age (0.12%): Estimated age
by applying a rate of 0.0012 s s−1my−1 to 28S p-distance. 28S ML dist: maximum intra-clade ML 28S genetic distance. Age (0.12%): Estimated
age by applying a rate of 0.0012 s s−1my−1 to 28S ML distance. Clades marked with * indicate clades with solely alpine species. Clades marked
with ‡ indicate sister taxa found in the Canterbury foothills and Banks Peninsula respectively. Clades marked with † indicate sister taxa separated
by Cook Strait. NA marks taxa that were not rendered monophyletic in the relevant species tree. Ages in million years before present.
Fossil Rate COI Age COI Age Age 28S Age 28S Age
Clade 95% HPD 95% HPD p dist. (1.5%) ML dist. (3.54%) (1.5%) p dist. (0.12%) ML dist. (0.12%)
Brachyolus-group 45.97–85.60 5.01–8.14 0.164 10.93 0.747 21.10 49.80 0.0233 19.42 0.032 26.67
Chalepistes 46.02–81.04 4.42–7.00 0.147 9.80 0.606 17.12 40.40 0.0233 19.42 0.032 26.67
Irenimus 36.37–68.89 3.78–6.04 0.137 9.13 0.597 16.86 39.80 0.0082 6.83 0.011 9.17
Alocommatus 25.11–61.60 2.21–4.12 0.132 8.80 0.576 16.27 38.40 0.0041 3.42 0.0046 3.83
Austromonticolus* 12.98–35.27 1.44–3.13 0.087 5.80 0.204 5.76 13.60 0.0054 4.50 0.0063 5.25
Inophloeus s. str* 3.11–31.43 0.05–2.43 0.081 5.40 0.184 5.20 12.27 0.0014 1.17 0.0015 1.25
New genus 1* 0.85–12.88 0.13–1.30 0.028 1.86 0.036 1.03 2.42 0.0014 1.17 0.0015 1.25
Inophloeus COOK & WD* 4.10–38.01 0.64–3.41 0.028 1.87 0.034 0.96 2.27 0.0082 6.83 0.0093 7.75
Austromonticolus:Zenagraphus* 31.21–64.41 3.23–5.43 0.126 8.40 0.393 11.1 26.20 0.0164 13.67 0.0192 16.00
C. agalliasus/C. cruickshanki* 1.57–10.49 NA 0.026 1.73 0.031 0.88 2.07 0 0.00 0 0.00
C. curvus/C. planithorax* 11.04–44.87 1.03–3.58 0.100 6.67 0.265 7.49 17.67 0.0013 1.08 0.0015 1.25
C. dugdalei group* 1.41–7.76 0.13–0.61 0.062 4.13 0.094 2.66 6.27 0.0027 2.25 0.0031 2.58
C. kopuwai/C. nokomai* 1.56–18.88 0.57–2.04 0.047 3.13 0.066 1.86 4.40 0 0.00 0 0.00
C. kremnobates/C. nitidus* 0.53–12.20 0.10–1.04 0.022 1.47 0.027 0.76 1.80 0.0014 1.17 0.0015 1.25
C. kremnobates:C. nokomai* NA 0.57–2.04 0.081 5.40 0.197 5.56 13.13 0.0014 1.17 0.0015 1.25
C. stolidus/C. patricki 0.00–1.91 0.00–0.18 0.04 2.67 0.080 2.26 5.33 0.0027 2.25 0.0031 2.58
Al. longicollis/Al. oleariphagus‡ 1.43–9.94 0.15–0.78 0.022 1.46 0.030 0.85 2.01 0.0027 2.29 0.0031 2.55
C. rhesus/C. navicularis‡ 0.00–9.52 0.00–0.67 0.082 5.47 0.194 5.48 12.93 0 0.00 0 0.00
C. costifer/C. inaequalis† 5.03–31.48 0.46–2.45 0.084 5.60 0.170 4.80 11.33 0.0082 6.83 0.0093 7.75
C. lobatus/C. apicalis† 6.31–21.41 0.69–1.96 0.049 3.27 0.075 2.12 5.00 0.0014 1.17 0.0015 1.25
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of mountain building, with dates reaching back to the late Oligocene and
early Miocene.
The dates given by the four gene, rate calibrated tree (Figure 3.3) were
roughly an order of magnitude more recent than dates estimated by the
three gene, fossil calibrated tree, with only four cases of overlap between
the two. Rate calibrated dates were also more recent than those estimated
by applying a na¨ıve molecular clock. Only four clades had age ranges that
overlapped with the COI ML date estimates, and only when the most rapid
rate of 3.54% was applied to the genetic distances. More of the age ranges
overlapped with 28S date estimates, with seven clades having congruent
date estimates. Of the ten exclusively alpine clades, all have rate calibrated
ages that postdate the 5 mya boundary, and are therefore consistent with
geological estimates of uplift.
In many cases, the na¨ıve estimates from 28S and COI ML genetic dis-
tances overlapped; though in most comparisons, 28S provided younger dates.
For Alocommatus and Irenimus, these estimates were substantially lower.
3.3.7 Analyses of diversification
A lineage-through-time plot shows evidence for rapid diversification around
five million years ago, but that the diversification rate has lessened in the
past one million years (Figure 3.11). This is further shown by a γ value of
-5.12, which significantly differs from 0 (p = < 0.0001).
Fitting a yule model of diversification to the species tree based on three
genes gave a λ = 0.033, with standard error of 0.003, and a log likelihood
of -71.335. Fitting a birth-death model of diversification (λ = 0.033, µ = 0,
log likelihood = -71.335) did not result in a better model fit. When these
models were fit to the four gene rate calibrated species tree, λ = 0.355, with
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Figure 3.11: Lineage-through-time plot of New Zealand entimine weevil
species diversification. Left: Lineages plotted against a linear scale. Right:
Lineages plotted against a logarithmic scale. These plots are based on the
fossil calibrated tree shown in Figure 3.3. When the rate calibrated tree
(Figure 3.2) is used, the shape of the plot is the same, but the values on the
x-axis are multiplied by 10.
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Figure 3.12: Histograms of the estimated time to speciation. Left: Fossil-
calibrated dates. Right: Rate-calibrated dates. Vertical black line indicates
the modal time to speciation derived for invertebrates by Hedges et al. (2015)
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standard error of 0.034, and a log likelihood of 180.369. As before, fitting
a birth-death model of diversification (λ = 0.355, µ = 0, log likelihood =
180.369) did not result in a better model fit.
3.3.8 Time to speciation
The estimated time to speciation, when based on fossil calibrated rates, has
a mean of 19.69 my, standard deviation of 12.51 my, skewness of 0.70 and
kurtosis of 2.87 (Figure 3.12). When rate calibrated rates are used, the mean
drops to 1.76 my, with a standard deviation of 1.13 my, skewness of 0.75
and kurtosis of 3.34. Of these, the rate calibrated dates are closest to the
modal time to speciation for arthropods of 2.2 my found by (Hedges et al.,
2015).
3.4 Discussion
The Brachyolus group is monophyletic. However, its relationships to other
Entiminae remain unclear, as sampling of non-New Zealand entimine weevils
was limited. The single Australian taxon, Perperus, was always resolved as
basal to a New Zealand Entiminae clade. The inclusion of Australian and
New Caledonian taxa, especially those that may be closely related to the
Brachyolus group (Pseudomelactus, Uroleptops and Gastrocis) will be nec-
essary to determine if the New Zealand Entiminae are truly monophyletic.
These results support the circumscriptions of the genera proposed in
Chapter 2, with the monophyly of Chalepistes, Irenimus, Alocommatus, and
Austromonticolus confirmed. A number of species groups within Chalepistes
have support from the species tree, and receive morphological confirmation.
The relationship between C. platycephalus and C. albosparsus was unex-
pected based on morphological evidence, as was the relationship between C.
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rubidus and the C. dugdalei group. However, as currently considered, the
genera Catoptes, Inophloeus, and Brachyolus are polyphyletic. Therefore
further research into these taxa is necessary in order to clarify them. Fur-
ther sampling of Catoptes and related genera is particularly necessary before
taxonomic changes are made. Interestingly, the results of this study strongly
suggest that Nonnotus is a highly differentiated species nested within one
clade of Catoptes. This placement is fascinating, as Nonnotus is the sole
New Zealand entimine weevil genus that is capable of flight. This scenario
potentially represents a major evolutionary reversal, or indicates loss of flight
has evolved on multiple occasions within the Entiminae.
The high numbers of non-monophyletic taxa in gene trees may cause
questions to be raised regarding the validity of some of the taxa proposed
in Chapter 2. According to population genetic theory, however, upwards
of 1 million years after gene flow ceases is required to obtain strict recipro-
cal monophyly in 15 loci if the organism has only one generation per year
and an effective population size of 100 000 (Knowles & Carstens, 2007).
Larger population sizes and population structure will increase this time to
reciprocal monophyly. The instances of deep polyphyly in some species (e.g.
28S in C. costifer, ArgK in Al. atribetulus, I. parilis, C. navicularis and C.
albosparsus) is of great interest, and further work to evaluate the possible
causes of this phenomenon, such as multiple copies of the gene, evidence for
hybridisation, or active selection on these gene regions, would be of value.
Developing models for these and other patterns of population change and
divergence has begun (Carstens & Knowles, 2007; Knowles, 2009), but re-
mains an area that requires much study. Examples of taxa in which this
approach would be useful include the following. Based on the patterns of
paraphyly in nuclear gene regions, C. longicollis appears to be derived from
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C. oleariphagus, potentially through dispersal from a source population on
Banks Island to the Canterbury foothills prior to the formation of the Can-
terbury Plains. Similarly, C. canaster appears to be an alpine daughter
species of C. placidus. In another altitudinally separated species pair, C.
patricki appears to be diverging from C. stolidus, with potential morpholog-
ical adaptations to higher altitudes (such as closely appressed upright scales
and tightly articulated funicular segments) having occurred at a more rapid
rate than genetic lineage sorting. Finally, the C. dugdalei group provides
a fascinating system in which to study population genetics in allopatry. In
particular, the relationship between C. barrattae and C. hollowayae would
be of great interest. Both these species are found in the Umbrella Mountains
but appear to have different niches, with C. barrattae being ground-dwelling
on cushion plants at slightly higher altitudes, while C. hollowayae is com-
mon on Hebe odora shrubs at marginally lower altitudes. However, the two
species were not supported as sister taxa. Determining the frequency of
gene flow between these populations may be instructive as to the evolution
of habitat preference.
The analysis of heterozygous gene sequences in a phylogenetic context
has been little studied to date. A recent step model that incorporates am-
biguous bases has been proposed (Potts et al., 2014), which promises to
encourage further research into this field. However, in this research, the re-
lationships determined by applying this model to the CAD sequences were
largely unchanged between analyses where polymorphic sites were treated
as informative or uninformative. Furthermore, while previous studies have
shown CAD to be useful for determining ancient splits (Wild & Maddison,
2008; Jordal et al., 2011; Bukontaite et al., 2014), it would appear that this
gene is simultaneously too constrained and too variable for reconstructing
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deep relationships in New Zealand Entiminae.
3.4.1 Choosing between date estimates
Estimates of diversification dates vary considerably. When fossil calibrations
are used, the rate of evolution of COI and 28S are an order of magnitude
lower than those reported by Papadopoulou et al. (2010). When dates are
based on calibrating the rate of molecular evolution, the estimated ages are,
correspondingly, an order of magnitude younger.
The first of two possible geological calibrations between sister species
involves the two sister species pairs C. rhesus/C. navicularis and Al. longi-
collis/Al. oleariphagus. In both pairs, the former is found in the Canterbury
foothills while the latter is restricted to Banks Peninsula. Additionally, C.
rhesus also is found in the Port Hills in an apparent recent colonisation of
Banks Peninsula. The formation of Banks Peninsula, originally as an off-
shore island, began around 15 mya, with significant volcanic activity between
11–6 mya forming the Lyttleton, Mt Herbert, and Akaroa volcanoes. Vol-
canism decreased substantially 6 mya, and there has been no activity since
5 mya (Bradshaw & Holland, 2008). The activation of the Alpine Fault,
and subsequent mountain building around 5 mya began the formation of
the Canterbury Plains. Through the deposition of alluvial material, partic-
ularly during glacial periods, the Canterbury Plains developed over the past
2 mya, potentially only reaching the Peninsula as recently as 20 000 years
ago (Forsyth et al., 2008). Based on these dates, crown ages of these two
species pairs is more accurately given by the fossil calibrated dates than the
rate calibrated dates.
The second possible geological calibration are the two sister species pairs
C. costifer/C. inaequalis and C. lobatus/C. apicalis. In both these pairs,
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the former species is found around Wellington in the southern North Island,
while the latter species inhabits opposite side of Cook Strait in the Marl-
borough Sounds (northern South Island). Palaeogeographic reconstructions
of the formation of Cook Strait indicate that the Wellington region was
connected to the Marlborough area until relatively recently, separating only
within the last 2 my (Bunce et al., 2009; Lewis et al., 1994; Trewick & Bland,
2012). Based on these dates the crown ages of these two clades, which are
reasonably congruent, is more accurately given by the rate calibrated dates
than the fossil calibrated dates.
The single fossil used in this study for calibrating the age of the Entim-
inae ingroup is likely to be only distantly related to the taxa included, and
therefore is likely to result in an older inferred age of the Brachyolus group
than in reality. Greater taxon sampling within the wider Entiminae at the
global scale, using more of the available entimine weevil fossils as calibra-
tion points (Yunakov & Kirejtshuk, 2011), and using geological calibration
points in outgroup taxa (Sequeira et al., 2008a) will be necessary to obtain
better estimates of the timing of New Zealand entimine weevil diversifica-
tion. However, this work is hampered by the lack of DNA sequence data for
a wide range of Entiminae, though more are likely to become available in
the near future (N. Gunter, V. Pereyra pers. comm).
Applying na¨ıve molecular clock rates to interspecific genetic distances is a
quick and readily calculated value that appears to give reasonable estimates
for relatively recently diverged clades. However, there is a limit to their
utility. Completely unrelated sequences have a maximum p-distance of 0.75
due to the coding system of DNA, but constraints on gene functions make
sequence saturation an issue before this point (Xia et al., 2003). Applying
the COI na¨ıve molecular clock rates to sequences with this maximum degree
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of divergence results in estimates of 21–50 mya. The use of na¨ıve molecular
clocks in the context of investigations into the origin of New Zealand taxa are
therefore likely to underestimate the age of New Zealand clades, and increase
a Type II error of not rejecting a null hypothesis of recent dispersal. In
the New Zealand Entiminae, the fossil calibrated dates are more congruent
with the estimates of a na¨ıve molecular clock. Rate calibrated dates were
more recent than most of the na¨ıve dates estimated by applying the fastest
molecular evolution rates. The pairwise genetic distances between species
and genera within the New Zealand Entiminae are rather low, compared
with other Entiminae (e.g. maximum distance of 0.281 in Galapaganus,
Sequeira et al. 2000a).
To summarise, greater reliance is to be placed on the date estimates from
the rate-calibrated dataset. This is based on the congruence of these dates
with the opening of Cook Strait and colonisation of alpine regions, the closer
match in the time to speciation with wider studies, and is consistent with
the estimated ages of clades with significant patterns of non-monophyly be-
ing less than 1–2 mya. Calculating the date of origin of each genus using a
molecular clock, thus resulted in estimated crown ages of 3.78–6.04 mya for
Irenimus, 1.44–3.13 mya for Austromonticolus, 2.21–4.12 mya for Alocom-
matus and 4.42–7.00 mya for Chalepistes. These are recent, compared with
other Entiminae genera. Phyllobius and Polydrusus are both known from
fossils dated to the Eocene (55–35 mya), while Otiorhynchus and Hormorus
are known from Upper to Middle Miocene fossils (20–12 mya) (Yunakov &
Kirejtshuk, 2011). Molecular dating for Galapaganus estimated the origin
around 12 mya (Sequeira et al., 2008a). However, these dates are consistent
with estimates of the age of Ectemnorhinini, which have been calculated as
diverging within the past 6 my (Grobler et al., 2011b).
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3.4.2 Colonisation of alpine habitats and Zealandia
Previous studies of the evolutionary history of New Zealand invertebrates
have generally shown that the dates of divergence from Australian sister
taxa are more recent than the 80 mya that most models of the breakup of
Gondwana predict (e.g. Lessard et al., 2013; Kayaalp et al., 2013; Krosch
et al., 2011). However, a recent study indicates that these results may need
to be cautiously interpreted, as root ages can shift dramatically as a result
of mass extinction events, as is likely to have occurred in the Oligocene
inundation (Sharma & Wheeler, 2013). The signature of Gondwanan origin
followed by Oligocene bottleneck therefore becomes difficult to distinguish
from post-Gondwanan colonisation of New Zealand. The phylogeny inferred
here shows that the diversification of the Brachyolus group at the genus
level greatly post-dates the Oligocene inundation, with a crown age of 5–8
million years. This estimate seems remarkably recent for a large, endemic
New Zealand taxon, and will need to be confirmed by future studies on
the systematics of the Entiminae that includes a good representation of the
Australian entimine weevil fauna.
The dates of alpine clades within the New Zealand entimine weevils are
congruent with the accepted dates of mountain building within the past 3
mya. However, there are two solely alpine clades that have older crown ages.
The Zenagraphus, Inophloeus sensu lato and Austromonticolus clade in par-
ticular has a conservative molecular clock age of around 11 mya, and species
tree estimates of 3–5 mya; this places the initial diversification of the group
in the earlier geological estimates of mountain building. The geobiological
model of Heenan & McGlone (2013) postulates that boggy habitats and as-
sociated plant communities may have originated around 6 mya. Included
in Heenan and McGlone’s assemblage of plants favouring these habitats is
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Phyllachne, which a number of Chalepistes and Austromonticolus species
are associated with. It is possible that these alpine weevils evolved in these
boggy habitats, which have since diminished in area in lowland regions, but
remain extensive above the treeline.
3.5 Conclusion
The results presented here substantially improves the current understanding
of genetic relationships within the Brachyolus group in general, and within
the genera Alocommatus, Austromonticolus, Irenimus and Chalepistes in
particular. The multigene phylogeny inferred within provides good support
for the morphologically based taxonomy proposed in Chapter 2, and provides
initial estimates of dates of divergence of the group.
Most gene sequences analysed here support a monophyletic Brachyolus
group and most included genera. A few genera as currently considered,
particularly Brachyolus and Inophloeus, are rendered polyphyletic, which is
unsurprising given the lack of recent taxonomic research into the group. The
CAD gene was least congruent with other genes, but in some cases appeared
to strengthen the support for more recently separated species.
The best estimates of the dates of divergence of the Brachyolus group
suggests that it substantially post-dates the Oligocene inundation, lending
support for subsequent colonisation of New Zealand presumably from Aus-
tralia. Further research into the relationships of the New Zealand and Aus-
tralian entimine weevil fauna will provide confirmation as to whether the
group is truly monophyletic, and if its origin is as recent as inferred here.
The alpine environment has been colonised by several entimine wee-
vil lineages. These taxa have ages that are consistent with the period of
mountain-building around 5 mya. Evidence from the non-monophyletic re-
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lationships given in gene trees suggest that several alpine species are derived
from lowland ancestors.
Research into the population genetics of recently diverged taxa will allow
the investigation of many phenomena of interest to evolutionary theory.
These include introgression of genes between two populations coming into
secondary contact (C. rhesus/C. navicularis), altitudinally segregated taxa
in the process of differentiating, potentially with an altitudinal hybrid zone
(C. patricki/C. stolidus), and a recent complex of species in the middle
stages of allopatric speciation, with associated sexual selection and potential
adaptation (C. dugdalei group).
Chapter 4
Biogeography
4.1 Introduction
Evolution operates within a geographic context. The climate and topology
of a species’ range determines the abiotic environment in which it must
survive. These conditions are not static, but change constantly, resulting
in continual adaptive evolution (Thompson, 2013). Speciation occurs when
differences in morphology, behaviour, or ecology arise between populations
as a result of some form of reproductive isolation. Geographic isolation is the
most common form of isolation, but isolation due to differences in ecology
is also theoretically possible.
4.1.1 Speciation and geographic distribution
When populations are geographically isolated, theory predicts that differ-
ences will arise through genetic drift and mutation, and will be maintained
by a lack of gene flow between populations (Turelli et al., 2001). This process
will be accelerated through mechanisms such as the by-product mechanism
(Vines & Schluter, 2006; Langerhans et al., 2007), whereby reproductive iso-
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lation is not expressly selected for, but arises through divergent evolution
driven by selection on other traits. This process has been experimentally
demonstrated in Drosophila melanogaster for a variety of traits (Kilias et al.,
1980; Lofdahl et al., 1992; Ghosh & Joshi, 2012).
While the importance and prevalence of allopatric speciation has been
long recognised, the processes leading to geographic isolation have been less
studied. These include: 1) dispersal into new areas, resulting in peripatric
speciation (Coyne & Orr, 2004); 2) segregation of a widespread population
by the development of geographic features, resulting in vicariant speciation
(Coyne & Orr, 2004); and 3) cycles of range expansion and contraction, a
process known as the taxon cycle (Wilson, 1961; Ricklefs & Bermingham,
2002). Of these, peripatric speciation has been most strongly demonstrated
in taxa distributed across archipelagos (Malay & Paulay, 2009). In large
part, this is due to the difficulty of distinguishing between dispersal and
vicariance in continental systems.
The taxon cycle concept posits recurring phases of range expansion and
contraction. This process is commonly divided into four stages: I) wide dis-
persal; II) restriction of gene flow and differentiation between populations;
III) extinction of some populations, creating gaps in the species’ distribution;
IV) contraction of ranges to marginal habitats (Ricklefs, 2011). While most
examples have looked at taxa occurring across island archipelagos (Wilson,
1961; Greenslade, 1969; Economo & Sarnat, 2012; Jonsson et al., 2014), the
predictions made by the theory should apply to continental taxa also (How-
den, 1985; Ricklefs, 2011). Predictions made by the taxon cycle hypothesis
are that relictual species will have smaller ranges and that relictual species
will be at higher altitudes.
While a role for sympatric speciation is becoming more widely recognised
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(Bolnick & Fitzpatrick, 2007), unequivocal examples remain scarce because
of the difficulty of demonstrating that the geographic overlap between species
has not resulted from range expansion subsequent to speciation. Theoretical
models allow speciation to occur in sympatry, and examples of some taxa in
the early stages of speciation, including Ragoletis fruit flies, Acyrthosiphon
pisum aphids and Timema cristinae stick insects, appear to support the
hypothesis of sympatric speciation (Via, 2001; Nosil et al., 2007; Futuyma,
2008). However, in studies at the clade level, few examples have been identi-
fied. Age-range correlation provides a method for identifying putative exam-
ples of sympatric speciation, based on the degree of range overlap between
related taxa (Barraclough & Vogler, 2000; Fitzpatrick & Turelli, 2006).
4.1.2 Speciation and ecological niche theory
The niche concept has a pivotal place in ecological thinking. It was intro-
duced by Grinnell (1917) as the environment in which a taxon is capable of
thriving. This idea of environmental suitability was formalised by Hutchin-
son (1957) as the volume occupied by a species in n-dimensional space made
up of various abiotic and biotic gradients. Specialization, or a narrowing of
the niche space, was considered by Simpson (1953) as being a dominant
theme of adaptive radiation.
The concept of the niche also encompasses the impact that an organism
has upon its environment (Chase & Leibold, 2003). However, in this study,
the environmental suitability aspect of the niche is emphasised.
4.1.3 Reconstruction of past vegetation
The extent of forest before human colonisation of New Zealand has been
much researched. That substantial deforestation occurred around the time
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Figure 4.1: Inferred extent of forest and grassland cover in the South Island
before human impact. Data courtesy of Landcare Research.
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of human settlement has been known since the 19th century (McGlone,
2001), but only recently has it become established that this was the result of
direct human impact and not caused by changes in climate (Holloway, 1954).
Evidence comes from widespread charcoal deposits corresponding to the
period 1280–1600 AD (McWethy et al., 2010). All indications are that this
landscape transformation was remarkably rapid, occurring over the space
of decades (McWethy et al., 2014). Reconstructions of vegetation based on
pollen analysis of Quaternary deposits, suggest that the vegetation of large
portions of the South Island was made up of continuous closed-canopy forest,
dominated by Nothofagus species at higher altitudes, and podocarps at lower
elevations (McWethy et al., 2010). According to this evidence, extensive
grassland was rare (McWethy et al., 2010), with large areas of grassland
below the treeline being restricted to Central Otago, the Mackenzie Basin,
and areas of the Marlborough mountains (Figure 4.1) (McGlone, 2001).
The modern-day distribution of grassland insects, and species diversity
within these habitats is at odds with the evidence from pollen records. In
addition to Chalepistes, New Zealand has a rich fauna of grassland insects.
In the Lepidoptera, the fauna associated with tussock grasslands is more
speciose than the fauna associated with forests (Patrick, 2004), with large
families such as the Geometridae having 67% of species that are grassland
specialists. Three hypotheses can be proposed to explain New Zealand’s
rich fauna of grassland insects: 1) species originated above the treeline and
spread to lower altitudes following habitat modification; 2) species have
expanded their range from lowland grasslands that existed prior to human
modification; 3) species originated in lowland grasslands that were restricted
in extent and do not reveal themselves in pollen records.
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4.1.4 Aims
The aim of this chapter is to analyse the distribution of the species of Aus-
tromonticolus, Alocommatus, Irenimus and Chalepistes relating to the pro-
cess of speciation within the genus. First, the possibility of sympatric spe-
ciation will be investigated by evaluating the current degree of sympatry
between species pairs, and comparing this against the pairwise genetic dis-
tances between them. Second, species range dynamics in the context of the
taxon cycle will be investigated by comparing the size of the distribution
against the age of the species, as revealed by the results of the phyloge-
netic analysis in Chapter 3. Third, the possibility of divergent ecological
strategies will be analysed by calculating various parameters relating to the
environmental niche of each species, and comparing these against the genetic
distances. Finally, the land cover types currently inhabited by Chalepistes
will be determined and discussed in relation to the debate regarding the
extent of forest cover in pre-human New Zealand.
4.2 Methods
4.2.1 Georeferencing
Specimen label data from the specimens examined in Chapter 2 form the
primary source of information in this chapter. Specimen locations were
georeferenced using the gazetters provided by the New Zealand Place Names
Gazetter and the Reed New Zealand Atlas (Terralink International, 2004).
These were used in conjunction with Google Maps and the Topo50 map
series to verify those coordinates. Google Maps was also used when the
collections had been made by the author.
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Coordinates were recorded as latitudes and longitudes in the WGS84
datum, and projected into the New Zealand Transverse Mercator (NZTM)
projection for subsequent analysis.
4.2.2 Data layers
Environmental data
Environmental data were obtained from BioClim, and contained 19 variables
relating to measures of temperature and precipitation delivered in raster for-
mat at a resolution of 30 seconds and based on the WGS84 datum (Hijmans
et al., 2005). Altitudes were calculated from the New Zealand National Dig-
ital Elevation Model (NZDEM) in the NZTM projection with a resolution
of 25 m.
Two categorical habitat data layers were used. The first was the Land
Environments of New Zealand (LENZ) database (Leathwick et al., 2002).
This categorizes the New Zealand terrestrial environment into environments
over four levels of detail. The first (level-1) describes 20 environments, the
second (level-2) describes 100, level-3 has 200, while level-4 provides the
finest scale detail and describes 500 environments. These environments iden-
tify areas which have similiar conditions regardless of where they occur in
New Zealand, and were defined by applying classification algorithms to 15
environmental variables, which included temperature, precipitation, topog-
raphy and soil (Leathwick et al., 2002). Second, the New Zealand Land
Cover (LCDB) database version 4 was used; it describes the distribution of
33 land cover classes, as defined using satellite imagery and confirmed by
ground truthing.
To evaluate the discrepancy between pre-human and current vegetation
cover, the Potential Vegetation of New Zealand (PVNZ) layer version 1 was
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used to estimate the vegetation that was present prior to human colonisa-
tion of New Zealand. Habitat classes in PVNZ and LCDB were reclassified
into ‘forest’, ‘grassland’, or ‘other’ classes, and used to estimate the mis-
match between the original and current vegetation types in areas occupied
by entimine weevils.
All datasets used were licensed with the Creative Commons-Attribution
license, and were provided courtesy of Landcare Research (NZDEM, LCDB,
PVNZ), the Ministry of the Environment (LENZ), Land Information New
Zealand (NZ Place Names Gazetter and Topo50 series) and Robert J. Hij-
mans (BioClim).
Genetic distances and phylogeny
Genetic distances were calculated from COI sequences obtained in Chapter
3. Two distances were calculated: raw p-distances, and Maximum Likelhood
(ML) distances based on a HKY + I + Γ model with four rate categories.
The phylogeny inferred in Chapter 3 (Figure 3.2) was used to determine
the age of Chalepistes species. Species with a terminal branch length (TBL)
longer than the 75th percentile were considered relictual. The phylogeny
was also used to identify sister species pairs.
4.2.3 Analysis
Available environmental space
To gain a measure of the available environmental space, 100,000 points were
randomly selected from the area covered by the main islands of New Zealand
and their immediate offshore islands (including the Three Kings Islands,
but excluding more distant islands). Environmental variables at each of
the 100,000 points were extracted from the BioClim and LENZ datasets.
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The dimensionality of the resulting 35 variables was reduced by principal
components analysis (PCA) on scaled variables.
Observed specimen data were projected into PC space, and binned in
two dimensions using hexagonal binning in the R package hexbin (Carr
et al., 2014). The goodness of fit between the expected and observed values
was determined by comparing their respective cumulative density functions
and calculating the Komogorov-Smirnov (KS) statistic (Zar, 1999).
Niche overlap
Niche overlap between species was estimated by calculating a univariate
statistic D between each species pair for each principal component:
D =
X¯i − X¯j
si+sj
2
(4.1)
where X¯ are the means and s are the standard deviations for species i and
j. This statistic is directly analogous to the d/w statistic for niche overlap
used by May & MacArthur (1972). The total niche overlap was calculated
by multiplying the D statistics across all principal components before being
log transformed.
Niche volume was calculated using the ellipsoid hull function in the R
package cluster (Maechler et al., 2015). The evolution of niche volume
was estimated by ancestral state reconstruction, using maximum likelihood
and least squares methods, both of which assume a Brownian motion model
of evolution (Paradis, 2012).
Distribution breadth, similarity and dissimilarity
The difference between geographic ranges was calculated by determining
the average cost of spatial homogenisation (ACSH), which determines the
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average interspecific distance between geographic points (dos Santos et al.,
2012). The degree of sympatry between species pairs was calculated using
minimum spanning trees (MST), which connect point ranges by a bifurcating
network such that the overall length is minimised. Species were considered
sympatric when the length of the joint MST was shorter than the sum of
the species-specific MST lengths (dos Santos et al., 2012). The length of the
MSTs were also used as a measure of range size. The area of the range was
calculated by using a convex hulls algorithm (Eddy, 1977).
Niche breadth was estimated by calculating the number of classes oc-
cupied by each species in the LENZ and LCDB databases. Dissimilarity
between taxa were calculated using the Jaccard dissimiliarity between sets
(Janson & Vegelius, 1981).
4.2.4 Software
GIS datasets were visualised and manipulated using QGIS (QGIS Develop-
ment Team, 2014). Analysis was done with R (R Development Core Team,
2010), using the packages: SyNet (dos Santos et al., 2012) for calculat-
ing MSTs and degree of sympatry; maptools for extracting variables from
GIS data layers (Bivand & Lewin-Koh, 2014); ape and phangorn (Paradis
et al., 2004; Schliep, 2011) for calculating genetic distances and ancestral
state reconstruction; moments (Komsta & Novomestky, 2015) for calculat-
ing skewness and kurtosis; and vegan (Oksanen et al., 2013) for calculating
dissimilarity indices.
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Figure 4.2: Principal components analysis of 35 environmental variables,
based on 100,000 randomly selected points throughout New Zealand. Left:
Principal components 1 and 2. Right: Principal components 1 and 3.
4.3 Results
4.3.1 Available environmental space
In the principal components analysis of the 35 environmental variables from
the BioClim and LENZ data sets, the first two axes explained 59% of the
variation in the data. A total of 13 axes were required to explain over 95%
of the variation. The first axis was positively correlated with mean tem-
perature (0.906) and the October vapour pressure deficit (0.718), and was
negatively correlated with altitude (-0.845), slope (-0.723) and water bal-
ance ratio (-0.743). The second axis was negatively correlated with annual
precipitation (-0.739). The third axis was positively correlated with winter
solar radiation levels (0.735), soil age (0.687) and chemical limitations to
plant growth (0.646). Data from the first two axes (PC1&2) were binned
into 557 cells, while the data from the first and third axes (PC1&3) were
binned into 341 cells (Figure 4.2).
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4.3.2 Environmental space occupied by genera
The size of the environmental space occupied by each genus differs.
Austromonticolus had the narrowest environmental range, occupying 9
PC1&2 bins (KS = 0.7575, n = 19, p < 0.001) and 7 PC1&3 bins (KS
= 0.6625, n = 19, p < 0.001), corresponding to moderately high, dryer
environments (Figure 4.3). Species of Austromonticolus occupied only the
mountainous LENZ level-1 environment Q. Furthermore, they occupied only
four (Q1.1a, Q1.2a, Q3.1a, Q3.3a) of the 30 level-4 environments within this
category (KS = 0.2884, n= 19, p = 0.06), with three species found in the last
environment alone. Members of the genus occupied only two LCDB classes,
being tall tussock grassland and alpine grass/herbfield (KS = 0.5982, n =19,
p < 0.001).
Alocommatus occupied 33 PC1&2 bins (KS = 0.1496, n = 48, p > 0.20)
and 32 PC1&3 bins (KS = 0.1530, n = 48, p > 0.10), spread over a broad
range of altitudes and temperatures, with moderate levels of precipitation
(Figure 4.4). The species of Alocommatus occupied 10 LENZ level-1 envi-
ronments, 17 of the 100 level-2 environments, 21 of 200 level-3 environments,
and 28 of the 500 level-4 environments (KS = 0.2189, n = 51, p = 0.01).
There appeared to be no overall preferred environment, with only a single
species being found in each of the level-4 environments occupied, however the
level-1 category E (central dry foothills), which contained three species, was
the most preferred higher level environment. Fourteen LCDB classes were
occupied (KS = 0.3784, n = 51, p < 0.001), with high producing grassland
and manuka/kanuka scrub being the most speciose habitats; they contained
four and three species respectively.
Irenimus had a similar environmental breadth to Alocommatus, and oc-
cupied 33 PC1&2 bins (KS = 0.3284, n = 71, p < 0.001) and 18 PC1&3
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bins (KS = 0.2363, n = 71, p < 0.001), but these environments tended
to be lower and dryer than in Alocommatus (Figure 4.5). The species of
Irenimus occupied seven LENZ level-1 environments, 18 of the 100 level-2
environments, 27 of 200 level-3 environments, and 35 of the 500 level-4 en-
vironments (KS = 0.3211, n = 72, p < 0.001). The LENZ environments
favoured by Irenimus were all dry, lowland environments, with the level-4
environment N3.1b (South Canterbury, northern Otago lowland plains) be-
ing the most speciose with three species. A total of 18 LCDB classes were
occupied (KS = 0.3621, n = 72, p < 0.001), however all five species were
found in high-producing grassland.
Chalepistes occcupied the greatest diversity of environments, being found
in 204 PC1&2 bins (KS = 0.0653, n = 801, p = 0.003), and 138 PC1&3 bins
(KS = 0.1023, n = 801, p < 0.001) and exploited almost all environment
types, except areas of high precipitation, high winter solar radiation and
ultramafic environments (Figure 4.6). The species of Chalepistes occupied
all LENZ level-1 environments except S. The proportion of the number of
environments occupied became lower with increasing resolution, being found
in 65 of the 100 level-2 environments, 108 of 200 level-3 environments, and
188 of the 500 level-4 environments (KS = 0.2307, n = 856, p < 0.001).
The LENZ environments favoured by Chalepistes are given in Table 4.1.
Dryer environments were preferred, with all the top environments having
a water deficit. Temperature and topography were variable, though cooler,
mountainous environments dominated. LCDB classes (Table 4.2) indicated a
strong preference of Chalepistes species for grasslands, with 44 species being
found in a combined grassland class. It also showed Chalepistes species
tolerate modified environments, with 25 species in high producing exotic
grassland, and 13 species in urban environments (KS = 0.2719, n = 861,
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Table 4.1: Environments occupied by five or more Chalepistes species. Ma-
jor characteristics of each environment summarised from Leathwick et al.
(2002). These 10 environments represented 75% of species.
Environment Number of species Major characteristics
Q3.3a 17 Mountains, cold, neither wet nor dry, poorly-drained soil
Q1.1a 12 Mountains, cold, dry, well-drained soil
Q1.2a 10 Mountains, cold, neither wet nor dry, well-drained soil
P1.2d 7 Mountains, warm, dry, well-drained soil
E1.4c 6 Hills, cool, sunny, dry
N1.2c 5 Plains, mild, dry, imperfectly drained soil
F3.3a 5 Banks Peninsula, mild, steep hills, high fertility soils
Q4.3a 5 Hills, cool, moderately dry, imperfectly drained soil
L4.1a 5 Plains, cool, dry, poorly-drained soil
Q3.3c 5 Mountains, cool, neither wet nor dry
p < 0.001).
Overall goodness of fit measures indicated that the environments occu-
pied by Chalepistes were the most similar to the expected distribution of
environments. Alocommatus and Irenimus were increasingly different from
the expected distribution, and Austromonticolus was the most disparate.
The difference between genera is particularly pronounced in principal com-
ponent space (Figure 4.7).
4.3.3 Species niche estimation
The distribution of environmental niche volumes of species of the four genera
was strongly left-skewed (skewness = -1.61) and was leptokurtic (kurtosis
= 6.23) (Figure 4.9). Most species occupied a very small niche space, but
17 species had log niche volumes greater than 3. Chalepistes aequalis, C.
compressus, C. costifer, C. spermophilus, and C. stolidus had the greatest
niche volume, ranging from 6.7 to 5.6. Species of Irenimus had reasonably
broad niches, with I. duplex and I. parilis having niche volumes of 5.6 and
3.9 respectively. Most species of Alocommatus had niche volumes less than
1, but Al. constrictus and Al. longicollis had greater volumes of 4.0 and 3.8
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Figure 4.3: Occupied niche of Austromonticolus (yellow points). Base plots
are those in Figure 4.2.
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Figure 4.4: Occupied niche of Alocommatus (yellow points). Base plots are
those in Figure 4.2.
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Figure 4.5: Occupied niche of Irenimus (yellow points). Base plots are those
in Figure 4.2.
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Figure 4.6: Occupied niche of Chalepistes (yellow points). Base plots are
those in Figure 4.2.
Table 4.2: Landcover classes occupied by seven or more Chalepistes species.
These 13 classes represented 98% of species.
Class Number of species
Tall Tussock Grassland 34
High Producing Exotic Grassland 25
Low Producing Grassland 17
Indigenous Forest 14
Broadleaved Indigenous Hardwoods 14
Built-up Area (settlement) 12
Gravel or Rock 12
Exotic Forest 8
Urban Parkland/Open Space 7
Alpine Grass/Herbfield 7
Herbaceous Freshwater Vegetation 7
Manuka and/or Kanuka 7
Sub Alpine Shrubland 7
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Figure 4.7: Cumulative densities of PCA bins occupied by Alocommatus,
Austromonticolus, Chalepistes and Irenimus. Left: Principal components 1
and 2. Right: Principal components 1 and 3.
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Figure 4.8: Cumulative densities of habitat classes occupied by Alocom-
matus, Austromonticolus, Chalepistes and Irenimus. Left: LCDB. Right:
LENZ.
4.3. RESULTS 177
ln(ellipsoid hull volume)
Fr
eq
ue
nc
y
−15 −10 −5 0 5
0
2
4
6
8
10
ln(minmum spanning tree length)
Fr
eq
ue
nc
y
4 6 8 10 12 14 16
0
2
4
6
8
10
12
Figure 4.9: Left: Distribution of log-transformed ellipsoid hull volumes
of niche space. Right: Distribution of range sizes, as described by log-
transformed minimum spanning tree lengths.
respectively. All species of Austromonticolus have volumes less than 1, with
Au. mataura having the greatest at 0.2.
The mean of the natural logarithm of pairwise estimates of niche packing
was 1.783, with a standard deviation of 2.81 (Figure 4.9). A substantial
number of species pairs (419 pairs) had overlapping niches (i.e. ln(D) < 0,
D < 1).
4.3.4 Geographic range dynamics
The log-transformed distribution of the range size of species within the four
genera was left-skewed (skewness = -0.695) and was slightly leptokurtic (kur-
tosis = 3.73) (Figure 4.9). Environmental niche volume was strongly corre-
lated with increasing geographic range, with a correlation of 0.654 (Figure
4.10). This was unsurprising, given the method of calculating niche volume.
However, two species, Au. gigas and C. coleridgensis had substantially
smaller niches than predicted by their range size.
From a total of 1770 of species pairs compared, the vast majority (1460
pairs, 82.5% of total) were completely allopatric. A total of 18 species pairs
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Figure 4.10: Left: Niche breadth as described by ellipsoid hull volumes
against range size as described by minimum spanning tree lengths. The
equation for the regression line was y = 1.81x− 21, with R2 = 0.428. Right:
Degree of niche packing between species of Chalepistes, Irenimus, Alocom-
matus and Austromonticolus against COI maximum likelihood genetic dis-
tances.
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Figure 4.11: Left: Degree of sympatry of Entiminae species, bounded be-
tween 0 (ranges completely separate) and 1 (ranges completely overlap),
against COI maximum likelihood genetic distances. Right: Symmetry in
range sizes of Entiminae species as measured by length of minimum spanning
trees, bounded between 0 (very asymmetrical) and 0.5 (range size equal),
against COI maximum likelihood genetic distances.
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Figure 4.12: Left: Degree of sympatry of Entiminae species, bounded be-
tween 0 (ranges completely separate) and 1 (ranges completely overlap)
against niche packing. Vertical dotted line indicates ln(D) = 0, to the left
of which, taxa display substantial niche overlap. Right: Log-transformed
ellipsoid hull volumes of niche space against length of terminal branch.
(1 %) had degrees of sympatry between 0 and 0.5, 166 (9.4%) between 0.5
and 0.8; and 126 (7.1%) between 0.8 and 1.0. There were no species pairs
with a degree of sympatry between 0 and 0.3 (Figure 4.11). Plots of the
degree of sympatry against COI genetic distance revealed that most cases
of sympatry occurred between more distantly related species (Figure 4.11).
Plots of range symmetry (Figure 4.11) showed that most species pairs
were very asymmetric in size, with a mean of only 0.12. Closely related
species usually had asymmetric ranges, with 90% of pairs with a genetic
distance of less than 0.1 having a species with a range that was less than
one third the size of the other.
4.3.5 Taxon cycle
There was no correlation between log niche volume, mean altitude, or log
geographic range size with the length of the terminal branch (Figures 4.12
& 4.13). This was at odds with the predictions made by the taxon cy-
cle hypothesis, which predicts that species with a shorter terminal branch
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Figure 4.13: Age of taxon, as measured by the terminal branch length,
against mean altitude (left), and size of range as measured by the length of
the MST (right).
should have larger niche volumes, lower mean altitudes and larger geographic
ranges.
4.3.6 Sister taxon analyses
Of a total of 16 sister taxon pairs, four were sympatric with degrees of
sympatry ranging between 0.78–0.95 (Figure 4.14). All four sister taxa
were in Chalepistes and in order of increasing sympatry were C. patricki/C.
stolidus, C. albosparsus/C. platycephalus, C. navicularis/C. rhesus and C.
aequalis/C. compressus. The remaining 12 pairs all were allopatric with a
degree of sympatry of 0. Ranges of sympatric species were largely asymmet-
rical, with the index of symmetry < 0.2, however C. aequalis & C. compres-
sus had approximately equal range sizes (index of symmetry = 0.39). There
was no significant relationship between difference in geographic range and
difference in niche (Figure 4.14). There was substantial niche overlap (ln(D)
< 0) between most sister taxa, but C. albosparsus and C. platycephalus have
much less overlap (ln(D) = 0.64). Four of the allopatric species pairs also
had substantial overlap, and three (C. agalliasus/C. tenebricus, Al. atri-
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betulus/Al. epacrus and C. kremnobates/C. nitidus) had niche differences
greater than average.
However, even with low sympatry, sister taxa were usually geographically
close to each other, with 10 sister taxon pairs with an ACSH of less than
100 km (Figure 4.14), and with a median ACSH of 72.3 km. The largest
disjunction between sister taxa was between Al. epacrus and Al. atribetulus,
separated by over 470 km. This greatly skewed the values of the mean (114.8
km) and standard deviation (117.9 km).
Ancestral character estimation of niche sizes indicated that niche conser-
vatism was the predominant mode of change across a branch (Figure 4.16).
Maximum likelihood (ML) gave a log likelihood of −239.307, and a σ2 of
333.781. A total of 52 branches showed insubstantial changes in niche size,
defined as being a change of greater than two units from the ancestral nodal
value. An increase in niche size was determined over 16 branches, while
the number of instances of specialization was observed along 14 branches.
Least squares (LS) estimation of nodal values had a greater estimation of
stasis, with 55 branches having changes in niche size within two units of the
nodal value. Specialisation occurred in 14 cases, and generalisation occurred
along 13 branches. Both estimation methods gave results with very large
95% confidence intervals, with intervals spanning 9–68 units for ML and 1–9
units for least squares. An important significant difference between the two
models of character estimation was that ML predicted that generalisation
had only occurred on terminal branches, while LS predicted that an increase
in niche size occurred in some internal branches.
182 CHAPTER 4. BIOGEOGRAPHY
ll
ll
ll
ll
ll
ll
ll
ll
ll
ll
llll
ll
ll
ll
ll
0.0 0.2 0.4 0.6 0.8
0.
0
0.
1
0.
2
0.
3
0.
4
Degree of sympatry
R
an
ge
 s
ym
m
et
ry
ll
ll
ll
ll
ll ll
ll
ll
ll
ll
ll
ll
ll
ll
0e+00 1e+05 2e+05 3e+05 4e+05
−6
−4
−2
0
2
4
6
8
Average cost of spatial homogenisation
ln
(D
)
Figure 4.14: Sister taxon analyses. Left: Range symmetry against degree
of sympatry. Right: Niche overlap against difference in geographic range.
Black circles: sympatric species pairs. Grey circles: allopatric species pairs.
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Figure 4.15: Jaccard index of habitat classes occupied by sister species
against difference in geographic range. Left: LCDB cover classes. Right:
LENZ level-4 environments. Black circles: sympatric species pairs. Grey
circles: allopatric species pairs.
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Figure 4.16: Ancestral character estimates of niche size, as estimated by
log-transformed ellipsoid hull volumes. Nodal values indicate the estimated
ancestral niche size as determined by maximum likelihood (bold value above
branch) and least squares (italic value below branch). Edge widths indicate
a two-unit increase in niche size (wide, black branches), a two-unit decrease
in niche size (narrow, light grey branches) or niche conservatism (medium
width, medium grey branches), as determined by maximum likelihood. Dot-
ted lines indicate branches where the predictions of maximum likelihood and
least squares differ.
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4.3.7 Vegetation mismatches
There was a strong correlation between present and estimated pre-human
vegetation cover in habitats occupied by entimine weevils. The distribu-
tions of all five Austromonticolus species were congruent with their esti-
mated pre-human habitats. The habitats of Alocommatus were congruent
for all taxa except Al. pusillus, which occurs in North Canterbury and found
in grassland in an area that was predicted to have been forested. Two of
the five species of Irenimus, I. aniptus and I. crinitus in North Otago and
South Canterbury respectively, had incongruent past and present habitat
estimates. The majority of species in Chalepistes had at least one local-
ity in which the present land cover is similar to the estimated vegetation
cover. However, four species had incongruent estimates, all of which are
currently found in grassland environments but which were estimated to be
forested prior to human colonisation: C. shieldsi and C. phillipsi in the
Culverden basin; C. hirsutus in the Otago lakes area; and C. placidus in
tussock grasslands and exotic pine forest fragments in the Mackenzie basin
and inland Canterbury valleys. The lack of congruence in this instance was
due to an idiosyncracy in collecting localities and land use change, whereby
all grassland habitats were estimated as being forested in the past and vice
versa.
4.4 Discussion
In total, the species of Chalepistes, Irenimus, Alocommatus and Austromon-
ticolus occupy most of the environments in New Zealand. However, it is
clear that Chalepistes as a genus has occupied a greater range of environ-
ments than the other three, having the closest goodness-of-fit score of all
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the genera analysed. The only LENZ level-1 environment not occupied by
Chalepistes (Ultramafic soils, S), consisted of areas defined by ultramafic
geology and the chemical limitations to plant growth that is associated with
this soil chemistry. It is the smallest of the LENZ level-1 environments
(Leathwick et al., 2003). The lack of Chalepistes in these environments is
probably explained by a lack of sampling, rather than an inability to adapt
to these environments. The lack of Chalepistes in areas of high precipitation,
however, appears to be real. Further research will be necessary to determine
the causes for this apparent inability to tolerate wet environments.
It is important to remember that taxa possessing overlapping environ-
mental niches may not necessarily be in competition for the same resources.
However, in taxa that are separated geographically, but with overlapping
environmental niches, it is difficult to accept adaptation being a significant
factor in their speciation. Further research into the resource limitations of
each species, particularly those that coexist in relatively simple environments
such as alpine herb- and cushionfields, will be necessary for understanding
the particular selection pressures that these weevils face.
These results indicate that speciation within Chalepistes is largely al-
lopatric. In the four cases where sister species were sympatric, most pairs
had substantial asymmetry between in range sizes. This pattern suggests
that either parapatric speciation, or range overlap after speciation has oc-
curred; however, the age-range correlation method used here cannot distin-
guish between these two alternatives. In the single instance where there
was substantial range overlap (C. compressus/C. aequalis), other evidence
including the size of the ranges and the habitats that the species are found
in, suggest that subsequent dispersal, possibly assisted by humans (Kuschel,
1969), is a more likely explanation than sympatric speciation. Altitudinal
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separation is likely to be a key mechanism in two other species pairs (C.
patricki/C. stolidus and C. albosparsus/C. platycephalus). These results
support the conclusion that sympatric speciation has not occurred within
the New Zealand grassland entimine weevil genera investigated here.
A number of closely related species were environmentally distant, indi-
cating that environmental factors may have influenced speciation. This dis-
crepancy could be a consequence of an allopatric distribution; however, the
correlation between geographic and environmental distances was relatively
small (correlation coefficient of 0.22–0.29). It appears that there was con-
vergence in environmental preferences, with more distantly related species
showing greater environmental similarity.
The distribution of range sizes within Chalepistes is consistent with gen-
eral trends in other taxa (Birand et al., 2012; Gaston, 2003).
Other studies using age-range correlation on a variety of taxa including
mammals, birds, fish, and insects such as Rhagoletis (Diptera: Tephritidae),
Flexamia (Hemiptera: Cicadellidae) and Ellipsoptera (Coleoptera: Cara-
bidae) (Barraclough & Vogler, 2000; Fitzpatrick & Turelli, 2006) have shown
inconclusive results, though tending to favor allopatric origins in most taxa.
This is largely due to the problem of range size changing over time, lead-
ing to uncertainty about whether range overlaps are indicative of sympatric
speciation, or whether the species have subsequently expanded their ranges
after speciating in allopatry.
Other research into weevil speciation also have found that speciation
usually occurs in allopatry. A study looking at the evolutionary history of
Galapaganus weevils in the Galapagos Islands found only a single possible
instance of intra-island speciation, with most sister taxa being found on sep-
arate islands (Sequeira et al., 2008a). Phylogenies of Bothrometopus in the
4.4. DISCUSSION 187
Indian Ocean sub-antarctic islands likewise indicate that current instances of
species living in sympatry are a result of multiple island invasions (Grobler
et al., 2011a,b). Studies of Aphanarthrum scolytine bark beetles on the Ca-
nary Islands also indicate that species that now exist in sympatry are likely
to have originated on separate islands, with subsequent colonisation (Jordal
et al., 2006). However, as might be expected in a group that has a number
of species with a narrow host range, there are some instances of potential
sympatric speciation in weevils. Many of these involve probable host shifts.
The four species in the Pissodes strobi complex have broad, overlapping
distributions, and are very difficult to identify morphologically (Williams &
Langor, 2002), but differentially attack a number of Pinus species (Smith
& Sugden, 1969). The genus Pissodes is also of interest because of its com-
plex genetics, including variable chromosome numbers, and high levels of
mitochondrial heteroplasmy (Boyce et al., 1989). It is probable that these
complexities have an influence on the speciation process, though this has
not yet been specifically investigated. Surprisingly, not all examples of po-
tential sympatric speciation are associated with host shifts. A number of
sympatric clades of Conotrachelus are found in the fruits of the same genus
of tree (Pinzo´n-Navarro et al., 2010). Conotrachelus is an extremely speciose
genus, which includes a number of pests of fruit crops. Further research is
needed to determine whether sister species found by Pinzo´n-Navarro et al.
(2010) are truly sister taxa, and if so, what mechanisms are keeping these
taxa separate.
The mismatches between past and present vegetation types in areas
occupied by six species of Chalepistes, Irenimus and Alocommatus indi-
cates that more grassland may have been present in the North Canterbury,
Hakataramea Valley, North Otago and Otago lakes regions than has been
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estimated. However, the known distribution of all the species contributing
to this inference is very limited, in most cases being represented by a single
locality. Further knowledge of the distribution and habitats of these species
may reveal greater altitudinal or habitat breadth than is currently known.
4.5 Conclusion
Four sympatric sister species pairs were found, all of which involved species
of Chalepistes. However, none of these are considered to be candidates for
sympatric speciation, due to asymmetrical range size between the species.
Analyses of the environmental preferences and distribution of each species
showed that Chalepistes occupied the greatest environmental space, and
the most representative of the available environments in New Zealand. Six
species had ranges that were inconsistent with current estimates of grassland
extent prior to human arrival in New Zealand, potentially indicating that
grasslands in the North Canterbury, Hakataramea Valley, North Otago and
Otago lakes regions may have been more extensive than currently thought.
Chapter 5
Character evolution
5.1 Introduction
The critical questions in determining if a lineage is an adaptive radiation are
the correlation between traits and the environment, and that these traits
favourably impact on the fitness of the organism (Schluter, 2000). How-
ever, demonstrating that adaptation has occurred in a lineage is a difficult
task. Experimental assessment of fitness in different environments is neces-
sary for strong confirmation of adaptive hypotheses (Maddison & FitzJohn,
2015; Mayhew, 1997). Unfortunately, these experiments are time-consuming
and difficulty in rearing New Zealand Entiminae precluded the experimental
assessment of adaptation in the course of this research.
A tractable means by which hypotheses of adaptation can be tested in-
volves the use of phylogenetic comparative methods. One of the primary
consequences of the theory of evolution is that the differentially shared his-
tories of species ensure that they cannot be considered independent points in
statistical analyses (Harvey & Pagel, 1991). Questions of comparative evo-
lution need to take this evolutionary history into account, thereby adjusting
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for the fact that closely related species are likely to be more similar to each
other. The increase in computing power and the ease of inferring phyloge-
nies from molecular data in the past three decades has seen the development
of a number of methods for determining the phylogenetic signal shown by
characters, and for ensuring comparisons between variables of interest are
independant of the phylogeny (Paradis, 2012; Garamszegi, 2014).
Most work on weevil evolution has focused on the coevolution of weevils
and their host plant species (Hughes & Vogler, 2004a; Toju & Sota, 2006;
Franz & Valente, 2005; Downie et al., 2008). The Entiminae are gener-
ally understood to be generalist species with little host specificity (though
exceptions are known, e.g. Eudiagogus (Kovarik & Burke, 1989); Sitona
(Vela´zquez De Castro et al., 2007), Barynotus (Morris, 1976)), and therefore
other explanations are required to explain their diversification and morpho-
logical variation. However, thus far, research into the evolution of entimine
weevils remains largely limited to systematic study of relationships, and in-
vestigations into the causes of parthenogenesis (Normark, 1996). Some hy-
potheses of important factors in the evolution of Entiminae put forward in
the literature include: 1) the potential of resistance to plant toxins enhanc-
ing polyphagy (Marvaldi et al., 2014), 2) habitat specificity (Marvaldi et al.,
2014), 3) ability to endure extreme environments (RS Anderson in Posadas,
2008), and 4) multiple oviposition strategies (Marvaldi, 1999; Machado,
2007). Elucidating factors responsible for the successful species diversifi-
cation of entimine weevils will serve as an interesting counterpoint to the
escape and radiation hypothesis that has thus far been considered to be the
primary mechanism for the evolution of weevils (Franz & Engel, 2010).
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5.1.1 Continuous traits
The evolution of continuous traits can be modelled using Brownian motion
models, where trait values vary randomly in any direction, with the outcome
that the covariance in trait values between any two species is proportional
to the phylogenetic distance between them (Paradis, 2012). These models
form the historical and theoretical foundation of phylogenetic comparative
methods, and serve as the simplest model of evolution of continuous char-
acters. However, one of the assumptions of the model is that trait values
can diverge indefinitely (Paradis, 2012). As this is biologically unrealistic, a
class of models have been developed, termed Orstein-Uhlenbeck (OU) mod-
els, that incorporate the concepts of optimal trait values and stabilising
selection (O’Meara & Beaulieu, 2014). The models provide a much more
realistic base for modelling character evolution, particularly in the context
of divergent and adaptive evolution (Butler & King, 2004; Hansen, 2014).
Three continuous traits were investigated here in the representatives of the
Brachyolus-group as possible traits that may reveal convergence upon op-
tima. These were: 1) body length, 2) rostrum ratio, and 3) relative metat-
ibial length. These three measurements attempt to quantify broad trends
in the body plans of entimine weevils that may indicate past operation of
directed selection.
Body length Body length is a trait that influences and is influenced by
a wide range of phenomena, including generation time, desiccation risk,
thermal physiology, resource utilisation, dispersal ability, fecundity, mating
strategies and predation risk, among many others (Gaston & Chown, 2013;
Fountain-Jones et al., 2015). Larger weevils appear to be prone to predation
by introduced predators, particularly the rodents Rattus rattus (Linnaeus),
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R. exulans (Peale) and Mus musculus (Linnaeus), with the result that the
ranges of several species have contracted in recent times (Kuschel & Worthy,
1996). A trend of increasing body size with increased altitude or latitude is
known as Bergmann’s rule (Shelomi, 2012). While the rule seems to apply
widely in vertebrates (Meiri & Dayan, 2003; Freckleton et al., 2003), its
generality is not well demonstrated in invertebrates. Although some taxa
do appear to follow the rule, the converse (smaller sizes at higher altitudes)
is also encountered regularly (Dillion et al., 2006). It is hypothesised here
that body length of New Zealand Entiminae will show multiple size optima,
and will increase with altitude (Table 5.1).
Rostrum ratio The rostrum is used in many weevil groups to prepare the
oviposition site. For example, the length of the rostrum in Curculio camilliae
species has been shown to vary in positive correlation with the thickness of
seed walls of the species’ host (Toju, 2008). It is thought that broad-nosed
weevils do not use their rostrum in oviposition to the same extent; however
the length of the rostrum may be related to the ecology of the species, with
ground-dwelling species potentially having shorter and wider rostra than
shrub-dwelling species.
Relative metatibial length Likewise, the relative metatibial length is
expected to vary according to the ecology of the species. The ground cover
of New Zealand grassland environments is often complex and structured,
with the dominant vegetation ranging from tall Chionochloa tussocks to
low cushion-forming Phyllachne, Dracophyllum and Kelleria that provide
ample opportunity for concealment (Mark, 2012). In these environments, it
is expected that shrub-dwelling species will have longer legs than ground-
dwelling species, for moving about in shrubby foliage (Table 5.1).
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5.1.2 Discrete traits
The analysis of discrete traits makes use of Markov models, a class of mod-
els that describe changes between states. These processes assume that the
probability of state transition is influenced by the current state, but is in-
dependant of the means by which the state reached its current form, and
that state transitions are instantaneous (Yang, 2006). For example, coin
tossing is a Markov process; whereas a lottery (without replacement) is not.
Markov models are ubiquitous in the analysis of molecular data, with the
various models (Jukes-Cantor, Kimura 2-parameter, HKY, GTR, etc.) be-
ing special forms of a four-state Markov model. Despite their prevalence in
the realm of molecular systematics, the use of Markov models in the analy-
sis of morphological data has been limited despite their great potential for
shedding light on evolutionary questions (Lewis, 2001). Sexual dimorphism
in New Zealand Entiminae females is largely driven by changes in five traits
(Table 5.2), but not all taxa differ in all traits. This differing degree of
sexual dimorphism (SD) can be modelled by Markov models, which allow a
large number of hypotheses regarding the probability of various transitions
to be evaluated.
5.1.3 Speciation rate
A characteristic of adaptive radiations is that they have a higher rate of
speciation, compared with related taxa (Schluter, 2000). Speciation rates
can be calculated by comparing the number of taxa in sister clades; however,
the availability of likelihood-based models, such as the birth-death model,
allow the instantaneous probability of speciation (λ) and extinction (µ) to be
estimated, according to patterns of phylogenetic branching (Barraclough &
Nee, 2001; Paradis, 2012). The binary state speciation and extinction model
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(BiSSE) (Maddison et al., 2007) is a six parameter model that that extends
the simple birth-death model by calculating how λ and µ change depending
on the state of a binary trait. This model can be used to estimate the
diversification parameters of genera of interest. In particular, the speciation
rate of Chalepistes is here hypothesised to be higher than those of other
taxa, based on the wider environmental breadth of the genus as a whole.
The speciation rates of Irenimus, Alocommatus and Austromonticolus will
also be calculated; this with the expectation that these genera will have
speciation rates more similar to the speciation rate of the phylogeny overall.
Similarly, it is expected that alpine species will show a higher speciation
rate, due to the fragmentary nature of alpine habitats and the associated
restriction of gene flow.
The occurrence of sexual dimorphism in the New Zealand Entiminae
suggests that some form of sexual selection is acting within the lineage. A
number of theories of sexual selection predict an increased speciation rate
(Mayhew, 2007; Kraaijeveld et al., 2011). These include Fisherian runaway
models based on female preference for extreme phenotypes (Price, 1999),
male–male combat (Emlen, 2008) and sexual conflict scenarios in which fe-
males are generally favoured (Parker & Partridge, 1998).
5.2 Methods
5.2.1 Trait data
Traits of interest (Table 5.2) were scored over the course of data collection
for previous chapters. Environmental traits were derived as per Chapter
4. Morphological characters, including female secondary sexual characters,
were obtained through Chapter 2. Quantitative characters were summarised
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Table 5.1: Summary of hypotheses tested in this chapter. See the text for
further details.
Q1: Does Chalepistes have a higher speciation rate?
H0— Speciation rate of Irenimus, Austromonticolus, Alocommatus and
Chalepistes are equal to overall speciation rate
H1— Speciation rates differ
Q2: Does altitude increase speciation rate?
H0— Single speciation rate
H1— Alpine species with higher speciation rate
H2— Lowland species with higher speciation rate
Q3: Does sexual dimorphism increase speciation rate?
H0— Single speciation rate
H1— Dimorphic species with higher speciation rate
H2— Monomorphic species with higher speciation rate
Q4: Does body length have multiple optima?
H0— Body length varies according to a Brownian motion model
H1— Body length converges on a single optimal value
H2— Body length converges on two optimal values
H3— Body length converges on three optimal values
Q5: Does rostrum ratio have multiple optima?
H0— Rostrum ratio varies according to a Brownian motion model
H1— Rostrum ratio converges on a single optimal value
H2— Rostrum ratio converges on two optimal values
H3— Rostrum ratio converges on three optimal values
Q6: Does metatibial length have multiple optima?
H0— Metatibial length varies according to a Brownian motion model
H1— Metatibial length converges on a single optimal value
H2— Metatibial length converges on two optimal values
H3— Metatibial length converges on three optimal values
Q7: Relationship of body length to altitude
H0— No relationship
H1— Body length increases with altitude
H2— Body length decreases with altitude
Q8: How has female sexual dimorphism evolved?
H0— All rates equal
H1— Progression (0–1–2–3, etc)
H2— All from 0 (0–1, 0–2, 0–3, etc)
Q9: Relationship of sexual dimorphism with altitude
H0— No relationship
H1— Degree of sexual dimorphism increases with altitude
H2— Degree of sexual dimorphism decreases with altitude
Q10: Do sexually dimorphic structures correlate with each other
and the environment?
H0— Sexually dimorphic structures are independant of environment
H1— Structures and environment are phylogenetically correlated
H2— Structures and environment are strongly non-independant
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Table 5.2: Morphological, ecological and environmental traits scored
Trait Abbr. Definition
Quantitative characters
Body length BL Measurement (mm) from anterior margin
of eye to elytral declivity in lateral view.
Relative metatibial length TL Ratio of the length of the hind tibia from
apex to articulation of hind tibia, divided
by body length.
Rostrum ratio RR Ratio of the length of the rostrum divided
by its width across the antennal insertion.
Qualitative characters
Ecology EC Simplified ecology. Choice of ground-
dwelling or shrub-dwelling.
Secondary sexual characters
Tubercle above declivity ET Development of interstria 1 above the de-
clivity in females.
Apex of elytra EA Development of the apex of the elytra in
females.
Ventrite 4 margin 4M Development of the posterior margin of
ventrite 4 in females.
Ventrite 5 topology 5T Development of the disc of ventrite 5 in fe-
males.
Ventrite 5 margin 5M Development of the posterior margin of
ventrite 5 in females.
Sexual dimorphism SD Degree of sexual dimorphism. How many
of the five traits above differ between males
and females.
Environmental characters
Mean altitude MA Mean altitude above sea level.
Preferred environment L1 Modal LENZ level 1 category.
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using the arithmetic mean, but intra-specific variability was not taken into
account. Qualitative characters were summarised as modal trait values and
variability was not accounted for.
5.2.2 Analysis
The four gene, rate calibrated species tree inferred in Chapter 3 (Figure
3.3) was used as the best estimate of evolutionary history in the following
analyses.
Estimation of speciation and extinction rates (λ and µ respectively) were
done using binary state speciation and extinction (BiSSE) models, as im-
plemented in diversitree (FitzJohn, 2012). The full BiSSE model for
each trait was compared against a constrained model of equal λ and µ (but
leaving the rate parameters q01 and q10 free to vary) in order to obtain an
understanding of the significance of the inferred rates.
Evaluation of the mode of evolution of body length, rostrum ratio and
relative tibia length was done by comparing the model fit of Brownian motion
and Orstein-Uhlenbeck (OU) models with various regimes. Models with
one, two and three optima were compared. Regimes were set by applying
thresholds to the trait data. The threshold was set to the median value in the
case of two optima models, and set to the 0.33 and 0.66 quantiles in the case
of three optima models. Nodes were assigned to a regime using two methods.
In the first, trait data were binned into categories according to the threshold
value, and ancestral values were estimated as discrete characters. In the
second, ancestral values were estimated as continuous characters based on
the original trait data, before the threshold value was applied to both tip
and node values. Additionally, body length was divided into three categories
using k -means clustering (Venables & Ripley, 2002). Ancestral values were
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estimated using the function ace in ape (Paradis et al., 2004), and Brownian
motion and OU models were fitted in ouch (King & Butler, 2009).
SURFACE (Ingram & Mahler, 2013) is a method for evaluating patterns
of adaptation and convergence in an OU framework that does not require a
priori specification of evolutionary regimes. In its forward phase, SURFACE
iteratively adds OU regimes until no better models (as judged using AIC)
are obtained. The backward phase then collapses regimes until no further
decrease in AIC occurs. The three traits, body length, rostrum ratio and
relative metatibia length, were evaluated individually, as well as together in
a multivariate context. For the latter analysis, the significance of the degree
of convergence was evaluated using the best model of the forward phase to
simulate data under a non-convergent model (Ingram & Mahler, 2013). A
total of 100 simulated datsets were run through SURFACE, and the results
used to build a distribution of the number of convergent regimes that might
be expected by chance.
Relationships between morphological traits, ecology and altitude were
evaluated; phylogenetic generalised least squares (PGLS) were used in the
case of altitude and phylogenetic logistic regression (PLogR) in the case of
ecology. PGLS is an extension of generalised least squares, which in turn
is a extension of ordinary least squares for cases where the assumptions
of equal variance and zero covariance do not apply (Paradis, 2012). The
correlation structure used by PGLS to describe the variances and covariances
of observations on species is derived from the phylogeny. The branch lengths
of the phylogeny can be transformed using a number of different methods to
reflect different evolutionary models (Paradis, 2012). PLogR is conceptually
based on logistic regression, which uses the logit link function to transform
a binary response variable into an odds ratio suitable for describing as a
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linear model;
ln
Ç
p
(1− p)
å
= β0 + β1x (5.1)
The odds ratio can be readily converted back into a probability that an
observation with a given value of the predictor variable is of state 1;
p =
e(β0+β1x)
1 + e(β0+β1x)
(5.2)
PLogR differs from standard logistic regression as it accounts for the
degree of phylogenetic signal by estimating the parameter α (Ives & Garland,
2010). The implementation of PLogR as provided by phylolm (Ho & Ane,
2014) was used here.
Single character evolution was analysed using discrete category Markov
models, as implemented in the diversitree package for R. These Markov
models allow alternative hypotheses of character transition to be evaluated.
The following models of evolution were evaluated: a) full model, with all
rates different; b) equal rates model, with only a single rate; c) two rate
model with separate forward and reverse rates; d) progression model with
n → n + 1 and n → n − 1 expected to be greater than other transitions;
e) jump model with 0 → n and n → 0 expected to be greater than other
transitions; f) correlated evolution model with large n→ n+2 and n→ n−2
transitions.
The correlation of individual female secondary sexual characters and
the preferred LENZ environment was explored by conducting a chi-square
analysis of independence, using Cramer’s V (Liebetrau, 1983) to determine
the strength of association between the two traits. The evolutionary history
of each state was determined by calculating the maximum distance between
any two species possessing that state. The null distribution of these state
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Table 5.3: Differential speciation (λ) and extinction (µ) rates.
Model λ0 λ1 µ0 µ1 q01 q10 L df χ2 P
Chalepistes
Full 0.286 0.492 0 0 0.005 0.010 -223.95 6 7.522 0.006
Equal rates 0.355 0.355 0 0 0.005 0.010 -227.71 5
Irenimus
Full 0.360 0.276 0 0 0.004 0 -222.46 6 0.357 0.550
Equal rates 0.355 0.355 0 0 0.004 0 -222.64 5
Alocommatus
Full 0.353 0.384 0 0 0.004 0 -222.05 6 0.039 0.843
Equal rates 0.355 0.355 0 0 0.004 0 -222.07 5
Austromonticolus
Full 0.352 0.448 0 0 0.003 0 -222.29 6 0.208 0.648
Equal rates 0.355 0.355 0 0 0.003 0 -222.39 5
Alpine species
Full 0.374 0.237 0 0 0.144 0.124 -186.44 6 1.869 0.172
Equal rates 0.334 0.334 0 0 0.139 0.151 -187.37 5
SD species
Full 0.064 0.382 0 0 0.201 0.120 -168.88 6 7.050 0.008
Equal rates 0.327 0.327 0 0 0.363 0.128 -172.40 5
distances was determined by calculating the maximum distance between tree
tips randomly selected in equal numbers to the observed states.
5.3 Results
Q1: Analyses of the diversification of the genera of interest show that
Chalepistes (P <0.01), has a significantly greater speciation rate, compared
with the overall phylogeny (Table 5.3). Irenimus and alpine species showed
decreased speciation rates, however these decreases were not significant. Ex-
tinction rates, as estimated by the model, were zero.
Q2: Alpine species showed a decreased speciation rate, though this de-
crease was not significant (P >0.10). Extinction rates, as estimated by the
model, were zero.
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Table 5.4: Fit of body length to various models of evolution. BM: Brownian
motion. OU1: OU model with single optimum. OU2: OU model with two
optima, node values estimated as continuous character. OU3d: OU model
with three optima, node values estimated as discrete character. OU3c: OU
model with three optima, node values estimated as continuous character.
OU3k: OU model with three optima, regimes selected by k -means clustering.
S: Best model as fitted by SURFACE. α: Strength of character evolution.
σ2: Variance of the evolutionary process. θ: ln L: Log likelihood. AICc:
Corrected Akaike Information Criteron. df: Degrees of freedom.
BM OU1 OU2 OU3d OU3c OU3k S
α NA 0.308 1.06 2.57 2.33 4.12 0.168
σ2 4.53 5.24 3.21 4.86 3.26 4.03 0.473
θ NULL 5.64 -0.622 4.64, 9.52 1.87, 4.96 8.90, 5.68 5.12, 20.03
6.85 15.57 8.74 3.29 12.11, -1.72
ln L -120.993 -122.52 -93.80 -90.56 -78.86 -70.56 -95.20
AICc 246.163 251.03 196.20 192.04 168.64 152.03 203.70
df 2 3 4 5 5 5 6
Q3: Sexually dimorphic species showed a significantly increased speciation
rate (P <0.01), as expected. Extinction rates, as estimated by the model,
were zero.
Q4: The model of body length evolution with the lowest AICc score was
found to be a three category OU model with regimes chosen according to
k -means clustering of trait values (OU3k, Table 5.4). This model was sub-
stantially better than a model with regimes chosen by applying thresholds
to the body length data according to the 0.33 and 0.66 quantiles (4 mm and
6 mm respectively). All the manually specified models (OU1, OU2, OU3d,
OU3c & OU3k) showed high values of α and σ
2, indicating strong attraction
to trait optima as well as significant stochasticity. Together, the values of
these parameters indicate frequent regime shifts. A total of 30 shifts were
observed, 6 from medium to large, 17 from medium to small, 6 reversals
from small to medium and 1 reversal from large to medium (Figure 5.1).
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Figure 5.1: Plot of OU regime changes in OU3k model of the evolution of
body length (BL).
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Table 5.5: Fit of rostrum ratio to various models of evolution. BM: Brownian
motion. OU1: OU model with single optimum. OU2d: OU model with two
optima, node values estimated as discrete characters. OU2c: OU model
with two optima, node values estimated as continuous character. OU3d:
OU model with three optima, node values estimated as discrete characters.
OU3c in this instance gave exactly the same values as OU3d. S: Best model
as fitted by SURFACE. Parameter definitions are given in Table 5.4.
BM OU1 OU2d OU2c OU3d S
α NA 2.36 21.88 7.08 17.35 6.10
σ2 0.052 0.107 0.340 0.12 0.278 0.082
θ NULL 1.52 1.40 1.37 1.23, 1.51 1.55, 1.96, 1.79
1.64 1.64 1.80 1.23, 1.37
ln L 37.564 42.820 72.479 74.141 71.612 77.19
AICc -70.95 -79.28 -136.35 -139.68 -132.30 -138.61
df 2 3 4 4 5 7
The SURFACE analysis resulted in 7 regimes, 4 of which were distinct. Of
these regimes, 4 were convergent and 1 regime was reached by multiple shifts.
The values of α and σ2 of the SURFACE model are much more reasonable,
but the values of θ are more difficult to interpret.
Q5: The model of the evolution of rostrum ratio with the lowest AICc score
was found to be a two category OU model with ancestral values calculated
as a continuous trait (OU2c, Table 5.5). The thresholds applied to the
rostrum ratio data for determing the evolutionary regimes for this model
were chosen by determining the median value of the data, and was set at
1.5. The manually specified models (OU1, OU2d, OU2c & OU3d) showed
high values of α, but comparatively lower values of σ2, indicating strong
attraction to trait optima and little stochasticity. There were slightly fewer
shifts than with body length, with 22 regime shifts; 19 of which progressed
from long to short, with 3 shifts in the opposite direction (Figure 5.2). The
SURFACE analysis resulted in 8 regimes, 5 of which were distinct. Of these
regimes, 5 were convergent and 2 regimes were reached by multiple shifts.
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Figure 5.2: Plot of OU regime changes in OU2c model of the evolution of
rostrum length/width ratio (RR).
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Table 5.6: Fit of relative metatibial length to various models of evolution.
BM: Brownian motion. OU1: OU model with single optimum. OU2d: OU
model with two optima, node values estimated as discrete characters. OU2c:
OU model with two optima, node values estimated as continuous character.
OU3d: OU model with three optima, node values estimated as discrete
characters. OU3c: OU model with three optima, node values estimated
as continuous character. S: Best model as fitted by SURFACE. Parameter
definitions are given in Table 5.4.
BM OU1 OU2d OU2c OU3d OU3c S
α NA 0.34 1.97 2.32 6.99 4.66 0.019
σ2 0.00089 0.00105 0.00080 0.00768 0.00160 0.00100 1.18×10−4
θ NULL 0.287 0.234 0.235 0.244, 0.273 0.241, 0.274 0.291, 0.211
0.304 0.303 0.305 0.309 0.365
ln L 181.94 180.51 212.09 217.63 224.15 227.80 201.48
AICc -359.70 -354.65 -415.59 -426.66 -437.38 -444.67 -392.03
df 2 3 4 4 5 5 6
The parameter values of the SURFACE model are in the same realm as
manually specified models, with a comparable likelihood.
Q6: The model of relative metatibial length evolution with the lowest AICc
score was found to be a three category OU model with ancestral values
calculated as a continuous trait (OU3c, Table 5.6). The thresholds applied
to the relative tibial length data for determing the evolutionary regimes for
this model were chosen by determining the 0.33 and 0.66 quantiles of the
data, and were set at 0.26 and 0.29. The manually specified models (OU1,
OU2d, OU2c, OU3d & OU3c) showed high values of α, but small values of
σ2, indicating strong attraction to trait optima and little stochasticity. A
total of 32 regime shifts were observed in the best model; 18 from medium
to long, 9 from medium to short, 3 from short to medium and 2 from long
to medium (Figure 5.3). The SURFACE analysis resulted in 6 regimes, 3 of
which were distinct. Of these regimes, 5 were convergent and 2 regimes were
reached by multiple shifts. The parameter values of the SURFACE model
206 CHAPTER 5. CHARACTER EVOLUTION
Nicaeana cinerea
Chalepistes spermophilus
Austromonticolus furcatus
Chalepistes pensus
Alocommatus longicollis
Inophloeus praelatus
Chalepistes shieldsi
Chalepistes navicularis
Chalepistes rhesus
Chalepistes stolidus
Chalepistes inundens
Austromonticolus mataura
Chalepistes phillipsi
Chalepistes lobatus
Alocommatus constrictus
Alocommatus pusillus
Irenimus parilis
Chalepistes planithorax
Chalepistes inaequalis
Irenimus stichus
Chalepistes aequalis
Catoptes robustus
Inophloeus COOK
Austromonticolus gigas
Chalepistes similis
Brachyolus punctatus
Chalepistes patricki
Chalepistes HAWEA
Chalepistes compressus
N. gen. 1 R+P
Chalepistes barrattae
Chalepistes albosparsus
Irenimus duplex
Chalepistes tenebricus
Chalepistes spectabilis
Chalepistes apicalis
Epitimetes lutosus
Chalepistes hollowayae
Inophloeus villosus
Protolobus obscurus
Catoptes censorius
Chalepistes kopuwai
Haplolobus saevus
Chalepistes costifer
Chalepistes curvus
Catoptes cuspidatus
Chalepistes placidus
Nicaeana sp. HK
Irenimus aniptus
N. gen. 1 HK
Chalepistes kremnobates
Chalepistes instabilis
Chalepistes nitidus
Chalepistes posticalis
Catoptes murinus
Chalepistes canaster
Nicaeana sp. OM
Catoptes latipennis
Chalepistes EYRE
Alocommatus oleariphagus
Chalepistes platycephalus
Chalepistes agalliasus
Chalepistes latipennis
Chalepistes coleridgenesis
Chalepistes rubidus
Inophloeus sternalis
Irenimus crinitus
Chalepistes asperatus
Alocommatus atribetulus
Zenagraphus metallescens
Chalepistes egens
TL
< 0.26
0.26−0.29
> 0.29
Figure 5.3: Plot of OU regime changes in OU3c model of the evolution of
relative metatibial length (TL).
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Table 5.7: Parameter estimates of the best model as derived by SURFACE.
TL: relative metatibial length. BL: body length. RR: rostrum ratio. α:
Rate of adaptation to optima. t1/2: Phylogenetic half life, expected time
to evolve halfway to an optimum. σ2: Rate of stochastic evolution. θ:
Optimum trait value for each of the 8 distinct regimes, asterisks indicate
convergent regimes. ln L: Log-likelihood.
BL TL RR
α 0.3890 0.1857 2.4360
t1/2 1.78 3.73 0.28
σ2 9.36×10−1 1.17×10−4 3.66×10−2
θ a 5.093 0.292 1.584
θ b 2.832 0.196 1.463
θ c 11.823 0.289 1.570
θ d* 3.204 0.228 1.263
θ e 5.984 0.284 1.377
θ f* 8.823 0.315 1.809
θ h 4.191 0.381 1.464
ln L -100.54 201.30 73.798
had substantially lower values of α and σ2 than manually specified models,
but had a lower likelihood mode than all but the single optimum OU model.
Running SURFACE on all three traits (BL, TL, RR) simultaneously, re-
sulted in a model with an AIC of -259.0 that had 10 regimes, 7 of which were
distinct. Of these regimes, 5 were convergent and 2 regimes were reached by
multiple shifts. Analyses of data simulated under a non-convergent model
of evolution indicate that while this number of convergent regimes is greater
than the modal value, it is not exceptional. The number of regimes reached
by multiple shifts in the observed data is the modal value of the simulated
data (Figure 5.5). This lack of differentiation from the simulated data in-
dicate that these traits do not have strong optimal values that have been
converged upon by multiple lineages. The seven distinct regimes correspond
to morphological regimes in the following way (Table 5.7, Figure 5.6): a)
moderate body length, moderate tibiae, moderately long rostrum, b) short
body length, short tibiae, moderate rostrum, c) long body length, mod-
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Figure 5.4: Plot of regime changes in the best model as inferred by SUR-
FACE on BL, TL and RR simultaneously. See text for the definition of
morphological regimes a–h.
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Figure 5.5: Bar plots of the number of convergent regimes estimated from
100 datasets simulated under a non-convergent model of evolution. Dashed
line indicates the number of estimated convergent regimes in the observed
data.
Table 5.8: PGLS parameters of the relationship between body length and
altitude.
Correlation Intercept pintercept Slope pslope L AIC
Brownian motion 5.24 < 0.001 0.00051 0.064 -125.7 257.5
OU1 (α = 2.32) 4.50 < 0.001 0.00060 0.116 -145.2 296.3
OU2 (α = 0.014) 5.24 0.223 0.00051 0.068 -126.0 257.9
Grafen1 (ρ = 0.24) 4.89 < 0.001 0.00041 0.267 -138.6 283.3
Grafen2 (ρ = 1) 4.66 0.118 0.00083 0.012 -148.8 303.5
Blomberg1 (g = 0.1) 4.57 < 0.001 0.00036 0.076 -139.9 285.8
Blomberg2 (g = 2.12) 5.31 0.001 0.00051 0.053 -125.5 257.1
erate tibiae, moderate rostrum, d) short body length, short tibiae, short
rostrum, e) moderate body length, moderate tibiae, short rostrum, f) long
body length, long tibiae, long rostrum, h) moderate body length, moderate
tibiae, moderate rostrum. One of the convergent regimes (d) was reached
by two clades, while the second (f) was reached by three clades (Figure
5.4), suggesting that these regimes represent peaks in a theoretical adaptive
landscape.
Q7: PGLS shows that body length does not significantly increase with
altitude (Figure 5.7) as had been hypothesised here (Table 5.1). While a
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H
Figure 5.6: Diagrams indicating the change in body, tibia and rostrum length
trait optima for the seven morphological regimes determined by SURFACE.
Darker grey body parts indicate rostrum and tibia length.
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Figure 5.7: Relationship of traits against altitude. Left: body length; solid
regression line: Brownian motion model of evolution; dotted regression line:
Blomberg2 model of evolution. Right: degree of sexual dimorphism; solid
regression line: Brownian motion model of evolution; dotted regression line:
OU2 model of evolution.
number of different correlation structures were evaluated, none were sub-
stantially better than a Brownian motion model of evolution (Table 5.8).
The slope was significantly positive when all branch lengths were rescaled to
1 (Grafen2), however this model of evolution is highly unrealistic as reflected
by this model having the lowest log likelihood and correspondingly greatest
AIC.
Phylogenetic logistic regression of EC against TL showed that species
with longer tibiae are significantly more likely to be shrub-dwelling species
(α = 6.682, β0 = -19.2 ± 4.8, β1 = 64.9 ± 16.4, pβ0 = 0.0001, pβ1 = 0.0001,
L = -31.57, Figure 5.8). There was no significant relationship between RR
and EC (α = 0.608, β0 = -4.5 ± 2.8, β1 = 2.5 ± 1.8, pβ0 = 0.109, pβ1 = 0.162,
L = -43.48, Figure 5.8). The values of α in RR is greater than 1, indicating
that there some phylogenetic influence on these results. When α approaches
0, the expected trait value becomes that of the common ancestor, and the
phylogenetic signal becomes undefined.
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Table 5.9: Rate matrices and estimated parameters of Markov models eval-
uated for the evolution of the degree of sexual dimorphism (SD, Table 5.2).
Monomorphic = no differences between males and females.
Full model
20 parameters, L = -100.66, AIC = 241.32
To\From Mono One Two Three Four
Monomorphic – q21 q31 q41 q51
One trait q12 – q32 q42 q52
Two traits q13 q23 – q43 q53
Three traits q14 q24 q34 – q54
Four traits q15 q25 q35 q45 –
To\From Mono One Two Three Four
Monomorphic – 0.151 0.140 0.062 0.110
One trait 0.151 – 0.172 0.071 0.113
Two traits 0.067 0.170 – 0.134 0.097
Three traits 0.046 0.008 0.150 – 0.192
Four traits 7.1×10−7 0.025 0.069 0.139 –
Equal rates
1 parameter, q = 0.518, L = -105.39, AIC = 212.78
To\From Mono One Two Three Four
Monomorphic – q q q q
One trait q – q q q
Two traits q q – q q
Three traits q q q – q
Four traits q q q q –
Two rate model with different forward and reverse rates
2 parameters, υ = 0.384, ρ = 0.556, L = -103.97, AIC = 211.94
Forward only (ρ = 0)
1 parameter, υ = 0.073, L = -120.03, AIC = 241.32
To\From Mono One Two Three Four
Monomorphic – ρ ρ ρ ρ
One trait υ – ρ ρ ρ
Two traits υ υ – ρ ρ
Three traits υ υ υ – ρ
Four traits υ υ υ υ –
Progression model
4 parameters, υ1 = 0.287, υ2 = 1.2×10−7, ρ1 = 0.631, ρ2 = 3.3×10−5, L = -97.19, AIC = 202.38
Progression, without regression (ρn = 0)
2 parameters, υ1 = 0.321, υ2 = 0.011, L = -105.05, AIC = 214.10
To\From Mono One Two Three Four
Monomorphic – ρ1 ρ2 ρ2 ρ2
One trait υ1 – ρ1 ρ2 ρ2
Two traits υ2 υ1 – ρ1 ρ2
Three traits υ2 υ2 υ1 – ρ1
Four traits υ2 υ2 υ2 υ1 –
Progression model (Different rates)
10 parameters, L = -94.09, AIC = 208.18
To\From Mono One Two Three Four
Monomorphic – ρ1 ρ5 ρ5 ρ5
One trait υ1 – ρ2 ρ5 ρ5
Two traits υ5 υ2 – ρ3 ρ5
Three traits υ5 υ5 υ3 – ρ4
Four traits υ5 υ5 υ5 υ4 –
To\From Mono One Two Three Four
Monomorphic – 0.582 5.0×10−7 5.0×10−7 5.0×10−7
One trait 0.418 – 2.396 5.0×10−7 5.0×10−7
Two traits 3.1×10−7 1.499 – 0.367 5.0×10−7
Three traits 3.1×10−7 3.1×10−7 1.3×10−6 - 0.838
Four traits 3.1×10−7 3.1×10−7 3.1×10−7 0.358 –
Jump model
4 parameters, υ1 = 0.065, υ2 = 0.474, ρ1 = 0.110, ρ2 = 0.746, L = -103.14, AIC = 214.28
To\From Mono One Two Three Four
Monomorphic – ρ1 ρ1 ρ1 ρ1
One trait υ1 – ρ2 ρ2 ρ2
Two traits υ1 υ2 – ρ2 ρ2
Three traits υ1 υ2 υ2 – ρ2
Four traits υ1 υ2 υ2 υ2 –
Correlated evolution
6 parameters, υ1 = 0.403, υ2 = 5.0×10−6, υ3 = 5.7×10−10, ρ1 = 0.324, ρ2 = 3.2×10−8, ρ3 = 0.250, L =
-99.71, AIC = 211.41
To\From Mono One Two Three Four
Monomorphic – ρ1 ρ2 ρ3 ρ3
One trait υ1 – ρ1 ρ2 ρ3
Two traits υ2 υ1 – ρ1 ρ2
Three traits υ3 υ2 υ1 – ρ1
Four traits υ3 υ3 υ2 υ1 –
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Figure 5.8: Association of ecology with morphological traits. Ecology seper-
ated into shrub-dwelling (1) and ground-dwelling (0) species. Solid line indi-
cates probability of species with the given trait value being shrub-dwelling.
Relative metatibial length (left), and rostrum length/width ratio (right).
Q8: The use of AIC to determine the best models of the evolution of
sexual dimorphism showed that the progression model with 4 parameters is
the best model of those tested here (Table 5.9). In this model, the rates of
progressing n → n + 1 and regressing n → n − 1 are substantially higher
than other transitions, with progressions occurring at a slightly greater rate
than regressions. The significantly lower likelihood of models where reversals
were not allowed (i.e. set to 0) indicate that these sexually dimorphic traits
are labile. The progression model with 10 parameters (allowing transitions
n ⇀↽ n + 1 to vary) had a greater likelihood than the 4 parameter model,
however this increase in likelihood was not sufficient to justify the increased
number of parameters (∆AIC = 5.8, likelihood ratio test = 0.40).
The jump model, where transitions to and from 0 were expected to be
favoured, was found to be very unrealistic. Not only was the likelihood of this
model lower than that of the progression models, but the parameter values
for the classes of transitions between 0 → n and n → 0 were smaller than
those estimates for other transitions. This was the opposite of that which
was expected from the jump hypothesis. Likewise, the correlated evolution
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Table 5.10: PGLS parameters of the relationship between the degree of
sexual dimorphism and altitude.
Correlation Intercept pintercept Slope pslope L AIC
Brownian motion -0.25 0.919 18.5×10−4 0.012 -179.1 364.3
OU1 (α = 2.32) 1.38 0.0002 5.1×10−4 0.150 -129.5 265.0
OU2 (α = 0.014) -0.21 0.984 18.2×10−4 0.012 -177.9 361.7
Grafen1 (ρ = 0.24) 1.33 0.034 2.0×10−4 0.553 -122.9 251.8
Grafen2 (ρ = 1) 1.13 0.710 3.5×10−4 0.577 -144.2 294.4
Blomberg1 (g = 0.1) 1.08 0.025 8.7×10−4 0.065 -145.4 296.8
Blomberg2 (g = 2.12) -0.37 0.933 7.4×10−4 0.010 -183.7 373.4
model was found to be unrealistic, with parameter values for transitions
n ⇀↽ n+2 being smaller than others, which is the opposite of that expected.
Q9: PGLS shows that sexual dimorphism does not significantly increase
with altitude (Figure 5.7). An OU model with a high α had the greatest log
likelihood, which was substantially greater than the Brownian motion model
(Table 5.10). The models with the greatest slopes, being the Brownian
motion and Blomberg2 models, were also the models with the lowest log
likelihoods.
Q10: Investigations into the correlation between sexually dimorphic traits
showed that most of the investigated traits were independent of each other
(Table 5.11). The traits with the greatest degree of correlation were the
topology of the 5th ventrite (5T), and the development of the posterior
margin of the 4th ventrite (4M), with a V of 0.61. This is largely driven
by the association of 1) a produced 4th ventrite and an uneven or concave
5th ventrite, and 2) having an entire 4th ventrite and a 5th ventrite with
a medial concavity or a medial furrow. The phylogenetic distance of trait
states in 4M were of the expected magnitude, while distances of certain 5T
states were lower than expected. All other comparisons had associations
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Table 5.11: Correlation between traits. Dmax: Observed maximum distance
between taxa possessing the state. Q1, Q3: Lower and upper quartile val-
ues of Dmax in randomly sampled groups of the same size. χ
2: Critical
value from a chi-square test of independance. V : Cramer’s V measure of
association between two variables.
ET\EA Posterior Posterior-ventral Square Ventral Dmax Q1 Q3 χ2 V
Flat 4 1 41 8 15.4 15.4 15.4 5.41 0.20
Swollen 2 0 4 1 11.2 11.2 15.4
Tuberculate 2 0 4 2 15.4 11.2 15.4
Dmax 15.4 0.0 15.4 11.2
Q1 11.2 0.0 15.4 12.9
Q3 15.4 0.0 15.4 15.4
4M\EA Posterior Posterior-ventral Square Ventral Dmax Q1 Q3 χ2 V
Elevated 0 0 3 2 11.2 11.2 15.4 13.46 0.26
Entire 8 1 41 5 15.4 15.4 15.4
Laterally raised 0 0 0 1 0.0 0.0 0.0
Produced 0 0 5 3 11.2 11.2 15.4
Dmax 15.4 0.0 15.4 11.2
Q1 11.2 0.0 15.4 12.9
Q3 15.4 0.0 15.4 15.4
5T\4M Elevated Entire Laterally raised Produced Dmax Q1 Q3 χ2 V
Concave 0 0 0 2 0.4 8.6 12.0 76.15 0.61
Concave tubercle 0 1 0 0 0.0 0.0 0.0
Deeply concave 0 1 0 0 0.0 0.0 0.0
Flat 0 22 0 2 15.4 15.4 15.4
Medial concavity 0 6 1 0 10.9 11.2 15.4
Medial furrow 0 4 0 1 10.9 11.2 15.4
Medial swelling 0 4 0 0 9.6 10.9 15.4
Medial tubercle 3 2 0 0 12.9 11.2 15.4
Paired swelling 1 8 0 0 11.2 11.2 15.4
Paired tubercles 1 7 0 0 11.2 11.2 15.4
Uneven 0 0 0 3 11.2 9.6 12.9
Dmax 11.2 15.4 0.0 11.2
Q1 11.2 15.4 0.0 11.2
Q3 15.4 15.4 0.0 15.4
5M\4M Elevated Entire Laterally raised Produced Dmax Q1 Q3 χ2 V
Entire 0 37 1 1 15.4 15.4 15.4 31.07 0.39
Medial tubercle 0 1 0 0 0.0 0.0 0.0
Notched 3 6 0 2 11.2 12.9 15.4
Slightly emarginate 0 9 0 2 15.4 12.9 15.4
Strongly emarginate 1 2 0 2 11.2 11.2 15.4
Truncate 1 0 0 1 9.3 8.6 11.2
Dmax 11.2 15.4 0.0 11.2
Q1 11.2 15.4 0.0 11.2
Q3 15.4 15.4 0.0 15.4
Medial Slightly Strongly
5T\5M Entire tubercle Notched emarginate emarginate Truncate Dmax Q1 Q3 χ2 V
Concave 0 0 0 2 0 0 0.4 8.6 11.2 78.03 0.48
Concave tubercle 0 0 0 0 1 0 0.0 0.0 0.0
Deeply concave 0 0 1 0 0 0 0.0 0.0 0.0
Flat 19 0 3 2 0 0 15.4 15.4 15.4
Medial concavity 4 0 0 2 1 0 10.9 11.2 15.4
Medial furrow 3 0 1 0 1 0 10.9 11.2 15.4
Medial swelling 3 0 0 1 0 0 9.6 10.9 15.4
Medial tubercle 1 0 3 0 0 1 12.9 11.2 15.4
Paired swelling 5 0 1 2 1 0 11.2 11.2 15.4
Paired tubercles 3 1 2 2 0 0 11.2 11.2 15.4
Uneven 1 0 0 0 1 1 11.2 10.9 12.9
Dmax 15.4 0.0 11.2 15.4 11.2 9.3
Q1 15.4 0.0 12.9 12.9 11.2 8.7
Q3 15.4 0.0 15.4 15.4 15.4 12.0
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Table 5.12: Correlation between environmental and morphological traits.
SR: Surface regime. Dmax: Observed maximum distance between taxa pos-
sessing the state. Q1, Q3: Lower and upper quartile values of Dmax in
randomly sampled groups of the same size. χ2: Critical value from a chi-
square test of independance. V : Cramer’s V measure of association between
two variables.
L1\SD 0 1 2 3 4 Dmax Q1 Q3 χ2 V
B 0 1 0 0 0 0.0 0.0 0.0 25.69 0.31
E 2 1 1 1 0 9.6 11.2 15.4
F 3 4 1 4 0 12.9 12.9 15.4
N 5 5 4 1 0 15.4 15.4 15.4
P 0 0 1 1 2 11.2 10.9 15.4
Q 5 7 6 5 6 15.4 15.4 15.4
R 0 0 0 1 0 0.0 0.0 0.0
Dmax 15.4 15.4 15.4 11.2 11.2
Q1 15.4 15.4 12.9 15.4 11.2
Q3 15.4 15.4 15.4 15.4 15.4
SR\EC Ground Shrub Dmax Q1 Q3 χ2 V
A 25 12 12.9 15.4 15.4 16.93 0.50
B 12 0 6.6 12.9 15.4
C 1 1 6.7 8.6 12.0
D 4 0 12.0 10.9 15.4
E 3 3 12.4 11.2 15.4
F 2 3 10.9 11.2 15.4
H 0 3 5.6 10.9 12.9
Dmax 15.4 15.4
Q1 15.4 15.4
Q3 15.4 15.4
less than 0.5, indicating independance between the traits. This included the
comparison of elytral traits, and the correlation of environmental preference
and degree of sexual dimorphism. All traits other than 5T showed state
distances that were within the expected range.
Correlation of ecological habits with the morphological regimes assigned
by SURFACE had a V of 0.43, indicating a moderate association, with
the classification of regimes F and G being dominated by ground-dwellers
and shrub-dwellers respectively. Correlations between habitat class and the
degree of sexual dimorphism indicated independence of these traits.
5.4 Discussion
This chapter sought to determine some of the factors influencing the evolu-
tion of grassland weevils. Table 5.13 summarises the hypotheses that were
supported.
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Table 5.13: Summary of hypotheses supported in this chapter. Compare
with Table 5.1. See the text for further details
Q1: Does Chalepistes have a higher speciation rate?
H1— Speciation rates differ for Austromonticolus, Chalepistes
Q2: Does altitude increase speciation rate?
H0— Single speciation rate
Q3: Does sexual dimorphism increase speciation rate?
H1— Dimorphic species with higher speciation rate
Q4: Does body length have multiple optima?
H3— Body length converges on three optimal values
Q5: Does rostrum ratio have multiple optima?
H2— Rostrum ratio converges on two optimal values
Q6: Does metatibial length have multiple optima?
H3— Metatibial length converges on three optimal values
Q7: Relationship of body length to altitude
H0— No relationship
Q8: How has female sexual dimorphism evolved?
H1— Progression (0–1–2–3, etc)
Q9: Relationship of sexual dimorphism with altitude
H0— No relationship
Q10: Do sexually dimorphic structures correlate with each other
and the environment?
H0— Sexually dimorphic structures are independent of environment
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Altitude appears to have had little influence on the evolution of New
Zealand entimine weevils. Alpine species did not show an increased specia-
tion rate, and the relationships between altitude and body length and sexual
dimorphism were not significantly positive.
A more prominent feature of the evolution of New Zealand entimine
weevils is sexual dimorphism. Weevil species that have at least some degree
of sexual dimorphism have a higher speciation rate, consistent with the-
ories of female advantage in sexual conflict scenarios (Parker & Partridge,
1998). The New Zealand Entiminae are unusual in that it is the females that
possess exaggerated structures. Development of a lamina on the female ven-
trite IV is known in a number of other entiminae genera including Platyacus
Faust (Celeuthetini, Tanner (1969)), and Syzygops Scho¨nherr (Ottistirini,
Williams (2000)). Most species of Syzygops have simple ventrites, but the
modifications in some range from a large, quadrate lamina, to ventrite IV
being almost completely invaginated. Williams (2000) discusses the mecha-
nism of these modifications in some detail, concluding that they all restrict
the extent to which the abdomen is able to be opened. However, as he admits
“it is difficult to envisage any advantage gained thereby”(Williams, 2000). A
ventral lamina on the abdomen is also known in other subfamilies. Females
of the Nestrius bifurcus-group of genera in the Cyclominae have a lamina
that extends from the posterior margin of ventrite III (Kuschel, 1964). Male
counterparts to these sexually antagonistic traits in Chalespistes, Alocomma-
tus and Austromonticolus include a depressed metasternum and first ventrite
in taxa with elytral tubercles, and elongated, flattened, upcurved or other-
wise modified median lobes in species where females have modifications to
the abdominal ventrites.
This form of dimorphism, in which female structures are exaggerated,
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is uncommon in the animal kingdom, and its evolution is poorly studied,
especially compared with the literature into the evolution of exaggerated
male morphology. Parallels can be found in the context of water striders.
Females of a number of species of Gerris (Heteroptera: Gerridae) possess
elongate abdominal spines that decrease the duration of premating strug-
gles, thereby decreasing energetic costs (Arnqvist & Rowe, 1995). Mating
pairs of entimine weevils are frequently encountered in copula in the field,
and studies of their mating behaviour in captivity show that males will re-
main mounted on females for extended periods of time (D Watkin and SDJ
Brown, unpub. data). The costs imposed by extended mating include the
energy expended in carrying males (Watson et al., 1998), but also poten-
tially increased predation risk (Magnhagen, 1991) and the losses involved in
reduced foraging time (Stone, 1995). Unlike the violence inherent in other
systems of sexual conflict (e.g. Han & Jablonski, 2009; Ro¨nn et al., 2007),
there is no evidence for harmful male coercion in the mating systems of New
Zealand Entiminae.
The ecological habit of taxa appears to be influential. A longer relative
tibia length is strongly associated with an shrub-dwelling habit, as revealed
by PLogR. The low phylogenetic signal in tibia length also supports this
trait being adaptive. This latter point, however, must be considered in the
light of the behaviour of α in the context of PLogR (Ives & Garland, 2010).
This situation does not appear to be in operation in either RR or TL, as
both these traits exhibit sufficient variation to negate this scenario.
The multiple optima modelled in the morphological traits, and the con-
vergence of multiple taxa to similar trait values, point to selective forces
operating on these traits. In particular, the multiple evolution of a body
plan with a small body length, short tibiae and moderate rostrum, which
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appears to be linked with a ground-dwelling habit. While the length of the
hind tibia appears to be linked with the propensity of taxa to be shrub-
dwelling or ground-dwelling, possible influences on other traits are yet to be
determined.
There is little evidence for correlated evolution of sexually dimorphic
traits in the New Zealand Entiminae. Markov models designed to test the
presence of correlated evolution performed poorly, and χ2 tests of inde-
pendence indicated that most of the traits tested were independent. The
possible exception is the correlation between the topology of the 5th ven-
trite, and the form of the margin of the 4th ventrite. The preponderance
of an entire margin possibly increased the association; structural limitations
are no doubt in play here also. A produced 4M that covers the 5th ventrite
necessarily prevents large swellings or tubercles forming on the disc of the
5th ventrite.
Determining correlated evolution between discrete traits is a subject that
has yet to reach maturity (Maddison & FitzJohn, 2015). The study of
correlated or dependant characters promises to offer new insights into the
process of adaptation and of potential genetic mechanisms underpinning
character evolution. Unfortunately, the analytical methods for investigating
these phenomena are still in their infancy. While some methods for detect-
ing correlated evolution have been proposed, these analyses have substantial
limitations. These methods include techniques for detecting correlation be-
tween continuous characters, such as PGLS or other models that utilise
covariance structures (Zheng et al., 2009). For discrete characters, the most
widely used method, that of Pagel (1994), uses a Markov process to model
the dependance between the states of two characters, but is currently only
implemented for binary character data, and cannot distinguish between a
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single or multiple evolutionary origins of the traits in question (Maddison &
FitzJohn, 2015).
Developing methods for rapid scoring of traits will be necessary for future
research into the character evolution of weevils. Traits such as colour, eye
size, the density of tarsal hairs, tarsal pad area, length of tarsal segments,
and the size of tibial mucrones are all likely to vary in response to envi-
ronmental pressures (Stork, 1983; Grebennikov, 2010; Fountain-Jones et al.,
2015). However, developing methods for measuring these structures across
a large number of specimens was considered to be too time-consuming and
outside the scope of this PhD.
5.5 Conclusion
Ecological habits and sexual dimorphism are influential in promoting speci-
ation and morphological convergence in the New Zealand Entiminae, while
altitude does not appear to be a significant factor in promoting either spe-
ciation or morphological change. Greater understanding of the ecology and
behaviour of species within the group is necessary in order to propose more
realistic hypotheses of adaptation and potential selective forces on these
weevils.
Chapter 6
Concluding discussion
6.1 Are NZ Entiminae an adaptive radiation?
This PhD sought to revise the taxonomy and investigate the evolution of
New Zealand grassland weevils, in the context of adaptive radiation as de-
fined by Schluter (2000) as possessing the following criteria: 1) the group
shares a common ancestry; 2) there is correlation between the environments
used by the group and their morphology and physiology; 3) the organisms
show increased fitness due to this correlation; and 4) there has been rapid
speciation within the group. The outcome of investigation targeting each of
these criteria is summarised here.
6.1.1 Recent common ancestry
The original aim of this thesis was to revise the genus Irenimus, sensu
Kuschel (1969), containing the species originally described in Catoptes by
Broun, Sharp and Marshall. This group has been found to be polyphyletic.
From the morphological and phylogenetic evidence developed here, it is rec-
ommended that Irenimus be greatly restricted to contain only six species,
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with key characters that define the genus including the presence of a com-
plete metanepisternal suture, and a broad bevel at the apex of the hind tibia,
usually clothed with scales. Three new genera are proposed to accommodate
the remainder of species formerly included in the group. Austromonticolus
contains five species confined to the alpine regions of Central Otago and is
characterised by having a complete metanepisternal suture, the form of the
scales on the metanepisternum, and by females with a single bursal scle-
rite. Alocommatus can be distinguished by the presence of a narrow furrow
surrounding the eye, strongly declivous frons, and strong basal folds on the
pronotum. It contains eight species, distributed from Wellington to Otago,
with most species found in Marlborough and North Canterbury. Chalepistes
is the most speciose genus, with 53 species, and including the widespread
and occasionally economically important species C. aequalis, C. compressus
and C. stolidus. It is distinguished by the absence of a metanepisternal su-
ture, and by having at most a narrow, unclothed bevel at the apex of the
hind tibiae. Each of these four genera are monophyletic.
Calculating the date of origin of each genus using a molecular clock,
resulted in estimated crown ages of 3.78–6.04 mya for Irenimus, 1.44–3.13
mya for Austromonticolus, 2.21–4.12 mya for Alocommatus and 4.42–7.00
mya for Chalepistes. All of these dates are considerably more recent than
the 80 my required for consistency with vicariant origin on Gondwanaland
and Zealandia. They are also very recent compared with other Entiminae
genera. However, there is no evidence for increased speciation in the past
one million years.
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6.1.2 Phenotype–environment correlation
Taken as a whole, the weevils in the four genera Irenimus, Austromonticolus,
Alocommatus and Chalepistes exploit many of the environments available
in New Zealand. Chalepistes exploits all but the wettest evironments, while
the ecological range of the the other genera are more limited, largely in terms
of altitude and precipitation.
Three morphological traits were measured and analysed for their correla-
tion with the environment. The strongest correlation was between metatibial
length and ecological habit, where a longer metatibia was associated with a
higher probability of adults being shrub-dwelling. However, relationships of
environmental variables with rostrum length and body size were not signifi-
cant. The degree of sexual dimorphism best fitted a progressive model that
suggests that the evolution of sexual dimorphism in these weevils follows an
additive process, with no evidence for correlated evolution between traits.
The relationship between body size and sexual dimorphism with altitude
show no significant trend.
This research was limited to investigation of adult characters because of
the lack of availablity of larval material. However, it is likely that larval
traits will show signatures of adaptive evolution also, particularly charac-
ters such as mouthpart morphology, gut and thermal physiology, predator
avoidance strategies and depth in the soil column. It is possible that certain
pupal and teneral traits may also show signatures of adaptation to differ-
ent environments. In particular, the deciduous mandibular processes that
appear to be used by teneral adults to emerge from the soil upon eclosion,
show diverse shapes within the Entiminae (Thompson, 1992) and may prove
to be a key innovation that has promoted their diversification.
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Investigation of physiological traits such as metabolic rate, oxygen up-
take, and thermal tolerance are also likely to reveal adaptation in these
weevils.
6.1.3 Trait utility with respect to fitness
This criterion of adaptive radiation is the most difficult to fulfil, requiring
demonstration that there is a direct link between trait values and fitness.
Because of time limitations, experiments concerning trait utility were not
carried out. However, examples of possible experiments for investigating the
influence of metatibial length on shrub-dwelling behaviours could include
the propensity of weevils with a range of metatibial lengths to climb, and
the forces required to dislodge them; however these experiments suffer from
the possibility of confounding factors. Experiments that seek to directly
manipulate the length of metatibiae within populations, perhaps through
selective breeding or using technologies such as RNA interference, require
extensive breeding and substantially greater knowledge into the genetic ba-
sis of morphological development. Investigations into the development of
sexual dimorphism, particularly the energetic costs of prolonged mating and
behaviour of females when ending excessively long copulations, are likely to
be more amenable to manipulative experiments.
The scope of this PhD did not allow the experimental investigation of the
effect of host plant, soil and micro-environmental factors on the speciation of
the New Zealand Entiminae. However, it is hypothesised that these factors
will also have an effect on the patterns of entimine weevil distribution and
speciation.
Fitting Orstein-Uhlenbeck models to body size, rostrum ratio and metat-
ibial length revealed that models with multiple optima fitted the data best.
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This suggests the presence of peaks on a theoretical adaptive landscape sur-
face (Schluter, 2000), resulting in convergence of morphological traits to best
exploit these environments. Care must be taken, however, not to overem-
phasise these results in the absence of further experimental evidence, as OU
models have been criticised for the difficulty of accurate parameter estima-
tion and lack of power (Ho & Ane´, 2014).
6.1.4 Rapid speciation
Chalepistes and Austromonticolus had significantly higher speciation rates
than the overall phylogeny. Sexually dimorphic species also had a greater
speciation rate, consistent with several models of sexual selection. Overall,
however, lineage-through-time plots and the γ statistic indicate that the rate
of speciation has decreased over the past two million years. Speciation has
occurred almost totally in allopatry, with only a few possible instances of
parapatric speciation having occurred. Instances of sympatric species pairs
are likely to be cases of secondary contact.
6.1.5 Is Chalepistes an adaptive radiation?
In summary, the New Zealand Entiminae, with an emphasis on Chalepistes,
lack sufficient phenotypic-environmental correlation to be considered as an
adaptive radiation. Further research into the group may reveal traits, as
suggested above but not considered in this thesis, that fulfil this criterion in
the future.
6.2 Is ‘adaptive radiation’ a useful concept?
The language that is used to discuss concepts and ideas has an important
bearing on the way that we consider phenomena and the questions we pro-
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pose to investigate them (Harrison, 2012). In the early stages of this PhD,
considering the concept of ‘adaptive radiation’ opened up a body of lit-
erature that was insightful and allowed a number of questions to be posed
and data to answer these questions gathered. However, as time progressed, I
found myself agreeing with the perspective of Olson & Arroyo-Santos (2009)
that its time as a useful concept may be drawing to an end. They argue
that initially the metaphor of adaptive radiation served to unify thinking
from across a wide range of disciplines. However, as the field has developed,
treating adaptive radiation as a distinct phenomenon has clouded the inves-
tigation of the processes that result in diversification and adaptive change.
Renewing a focus on processes, such as the generation of morphological vari-
ation and identification of the signatures of sustained directional selection,
as opposed to identification of “adaptive radiations” will further our under-
standing of evolution in general.
6.3 Phylogenetics in a postgenomic world
The uptake of next generation sequencing (NGS) technologies in the past
five years has been nothing short of astonishing. During the proposal stage
of this PhD, the use of NGS was deemed too expensive for the type of project
proposed, requiring data from a large number of specimens (over 300 during
the course of the PhD), representing several species. However, as this thesis
was being completed, the cost of sequencing this number of specimens had
reduced to the point where it would have been possible.
The truism that more data is always better, is often taken as an un-
deniable truth. However, it appears to me that our ability to collect large
amounts of genomic data is outstripping our ability to make sense of it. The
careful consideration of character evolution promoted by cladistic concepts
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of homology, apomorphies and plesiomorphies (Wiley & Lieberman, 2011;
Franz, 2014), appears to have been lost in the face of massive datasets, where
algorithms emphasising similarity and concatenation are used for computa-
tional efficiency. While some cladistic concepts, especially as regards the
primacy of parsimony, may be unrealistically simplistic and largely unap-
plicable to genetic data, the importance that cladists give to understanding
the history of characters should not be forgotten. The differing histories
between genes (Maddison, 1997), though frequently given lip-service, has
not yet been given the attention it deserves, particularly in a phylogenomic
context; as shown in this PhD, gene trees contain much useful information
regarding the process of evolution and speciation. This neglect is no doubt
largely due to the additional computational complexity that inferring the
species tree involves. Concatenation of data from different genes can result
in misleading estimates of topology and branch support (Kubatko & Deg-
nan, 2007). Most phylogenomic studies on insects to date have been focused
on higher-level relationships between classes (Misof et al., 2014). However,
as researchers begin to use genomic data for species level phylogenies, the
stochastic effects of population genetics processes will become a complicat-
ing factor. When this happens, the need for effective computational tools
that take coalescent processes into account will become increasingly impor-
tant. Moreover, in cases where data from substantially more loci have been
analysed in groups where previous estimates of relationships have been ob-
tained, the results have been essentially the same (Pyron, 2015); a result that
is born out by simulation studies (Heled & Drummond, 2010; McCormack
et al., 2009).
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6.4 Taxonomy, systematics and evolutionary re-
search
The interplay between the fields of taxonomy, systematics and evolution-
ary research is close and interrelated, but not without tension. Taxonomy
seeks to explain, define and describe groups of organisms, allowing efficient
and accurate communication of biological phenomena. Systematics inves-
tigates relationships between taxa, with a particular focus on holophyly.
Research into evolution is especially interested in variation and change. The
tension between these fields is particularly evident when it comes to non-
monophyletic taxa.
A view of species as a hypothesis, as an explanation for phenomena, has
become common in recent years (Fitzhugh, 2009). This view has had the
consequence that a lot of effort has gone into the question “Is x a species?”,
and has spurred the development of increasingly sophisticated species delim-
itation algorithms (Sites & Marshall, 2003). However, by being transfixed
by the question of “Is x a species?”, one is left with a depauperate view of
biology and in danger of ignoring the processes governing evolution and ecol-
ogy. A shift to a view of species as phenomena that require an explanation
(Wilkins, 2010), is likely to result in more interesting and useful research.
From the perspective of species delimitation research, taxa are emer-
gent properties resulting from the coalesence of gene tree branching patterns
(Carstens et al., 2013). Additionally, as these algorithms are founded upon
a strong theoretical structure, the results of these approach cannot be used
to suggest alternative evolutionary processes. The approach taken in this
thesis, treated the morphological and biological traits of species as being
especially of interest. This allows alternative evolutionary hypotheses to be
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postulated, and tested by the gathering of additional data.
6.5 Weevil evolutionary research
The Curculionidae are a fantastically speciose group, with a great many
species of economic importance. Their great diversity, both in terms of the
number of species and their biology, make them of interest to students of
evolution. A substantial amount of research has been conducted into weevil
behaviour (e.g. Polak & Brown, 1995; Harari et al., 2003), host relation-
ships (e.g. Toju, 2008), sexual systems (e.g. Normark et al., 1999; Tomiuk
& Loeschcke, 1992), pest impact (e.g. Aasen & Trandem, 2006; Benavides
et al., 2005; Stout et al., 2012) and their interactions with pests and para-
sitoids (e.g. Goldson et al., 2004, 2005; Adarkwah et al., 2012). However,
as yet, these studies have not yet been synthesised, and the major themes
and drivers of weevil evolution have not been identified. Drawing together
the available work, as well as further research into the identification of the
genes governing rostrum shape and elongation, characterisation of morpho-
logical trait utility in both adults and larvae and the physiological basis for
host specificity, will be important for enhancing our understanding of weevil
evolution.
6.6 Further research
Devising a suitable method for rearing larvae of New Zealand Entiminae will
be important for conducting experiments into some of the factors that have
been hypothesised to be significant for the diversification of this genus. In
particular, investigations into important factors such as larval host speci-
ficity, mating frequency, fecundity, potential for hybridisation, sperm com-
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petition and physiological experiments would all be possible once a reliable
method for rearing larvae and providing virgin females has been developed.
Although C. compressus has been stated to have been reared through on
general purpose insect diet (Singh, 1983), attempts to replicate this have
not been successful (Shields, 2013). Females of a number of Chalepistes
species readily oviposit in captivity, and first instar larvae can be easily ob-
tained; however the moisture content of the diet results in high humidity
which causes substantial larval mortality (Shields, 2013). The larvae of a
number of other entimine weevil species have been successfully reared using
a variety of methods (Kovarik & Burke, 1989; Lapointe et al., 2010; Fisher &
Bruck, 2004; Gough & Brown, 1991; Elder et al., 1979; Horne & Stacpoole,
1989), and given sufficient time and imagination, it is likely that a suitable
method for rearing New Zealand entimine weevil larvae will be found.
The ability of many Chalepistes species to persist in heavily modified
habitats, such as agricultural pasture and urban areas, is unusual for most
New Zealand insects. However, there is a precedent in other endemic grass-
land insects that have become significant pests of pasture, e.g. grassgrub
(Costelytra zealandica White) (Lefort et al., 2014) and porina moth (Wiseana
spp.) (Brown et al., 1999). Population genetic studies to determine the pop-
ulation diversity of widespread species, especially C. aequalis, would be of
interest to confirm hypotheses of the origin of this species in Canterbury,
with anthropogenic spread to the North Island and Chatham Islands.
Investigating the phenology and population dynamics of alpine species
would also be of interest. The species found above the treeline presumably
overwinter as larvae, however, it is possible that adults may overwinter also,
potentially going into diapause. This is apparently rare in New Zealand
insects (Dumbleton, 1967; Bremner, 1988), but has been suggested for the
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New Zealand seed-feeding curculionine weevil Praolepra uniformis (Roberts,
1977). The population dynamics over time would also be of interest, as em-
pirical observations indicate that species without strong ovipositional pref-
erences and a generalised diet are likely to undergo greater population fluc-
tuations than host specific species (Price, 2008).
6.7 Conclusion
The New Zealand grassland Entiminae are speciose and exploit a wide va-
riety of environments in New Zealand. While it appears that some degree
of divergent adaptive evolution has occurred within the group, the main
mode of speciation, as far as could be discerned within the scope of this
study, appears to be geographic separation, accelerated by sexual selection.
The form of the latter, evidenced by exaggeration of female secondary sex-
ual structures, is unusual and warrants further study. Diversification of the
group appears to be recent, but firm conclusions as to the groups colonisa-
tion of New Zealand must await further study of other Southern Hemisphere
Entiminae, particularly the Australian fauna.
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Appendix A
Glossary of technical terms
Aedeagus Male genitalia. Formed from the tegmen which bears the parameres,
and the median lobe or penis.
Anterior Towards the head.
Appressed scale Scale that is flat and pressed against the integument.
Often ribbed.
Bifurcate Divided into two.
Bursa copulatrix Anteriormost sac of the female genitalia. Often pos-
sesses sclerites.
Corbel A bevel on apex of the hind tibia. On the opposite side to the
tarsal insertion, and usually ringed distally and proximally by combs
of stiff setae. In other Entiminae the corbel is frequently covered with
scales or setae, but in the Brachyolus group it is usually bare.
Coxa The first leg segment that articulates with the thoracic segments.
Declivous Steeply descending.
Depressed Sunk down below the level of other surrounding structures.
Distal Part of an appendage further from the body.
Dorsal Towards the top surface.
Elytra Hardened forewings of beetles. Makes up the rearmost segement
when looking at the insect dorsally.
Elytral declivity Region where the elytra taper ventrally to the apex.
Endophallus Membranous sac connected to the penis. Forms the intromit-
tent organ that is everted into the female vagina during copulation.
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Epifrons Dorsal area of the rostrum between the antennal insertions and
the eyes.
Epistome Area situated dorsally at the extreme apex of the rostrum. Usu-
ally of different sculpture and appearence to the frons and epifrons.
Femur Third leg segment, articulated proximally to the trochanter, and
distally to the tibia. The thickest of all the leg segments.
Frons Area on the dorsal surface of the rostrum between the epistome and
the antennal insertions.
Funicle The segments between the scape and the club. Usually seven in
number in weevils, but occasionally less.
Gonocoxite Paired sclerotised appendage that forms the ovipositor. Also
known as the hemisternite.
Interstria The space between strial lines.
Lamina Thin, plate-like structure formed from a folding of the margin of
a ventrite.
Lateral Towards the side.
Margin The edge of a sclerite or ventrite.
Medial Towards the middle.
Metanepisternum Elongate plate that is lateral of the metaventrite.
Metaventrite Plate forming the area seperating the mesocoxae and meta-
coxae; the venter of the posteriormost thoracic segment.
Ovipositor Posterior appendage possessed by females used for laying eggs.
Made up of the gonocoxites and associated membranes.
Pappolepida Scale that is multiply divided, with numerous apices, and
appears fluffy.
Posterior Towards the rear.
Pronotum Dorsal plate of the first thoracic segment. Forms the segment
between the head and elytra when viewed from above.
Produced Drawn out into a plate-like structure.
Proximal Part of an appendage closest to the body.
Rostrum The elongated front of the head. The characteristic ‘nose’ of
weevils.
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Scape The first segment of the antenna. Very elongate in weevils.
Spermatheca Female internal structure that stores sperm after copulation.
Connected to the bursa copulatrix by a long, thin duct.
Sternite Plates that form the underside of the abdomen. Used for the
plates that are not visible externally.
Stria Lines of punctures on the elytra.
Stylus Sensory lobe on the apex of the gonocoxites.
Suture An impressed line that marks the junction between two ventrites.
Swelling A thickening of the interstria, usually on interstria 3 or 5 above
the elytral declivity. Not raised to the same extent as a tubercle.
Tergite Plates that form the dorsal surface of the abdomen. Most are
membranous and hidden from external view by the elytra.
Tarsus The part of the leg that gains purchase on the substrate. Composed
of five segments, the third which is usually enlarged and bilobed, the
fourth which is much reduced in size. The fifth segment bears claws.
Tibia Fourth segment of the leg, articulated proximally to the femur, and
distally to the tarsus.
Trochanter Second leg segment, articulated proximally to the coxa, and
distally to the femur. The smallest and least conspicuous of the leg
segments.
Tubercle A small area, usually on the elytra or female ventrite 5, that is
substantially raised above the surrounding surface.
Upright scales Scales that are elongate, fixed at one end to the integument
and with the other end free.
Ventral Towards the underside.
Ventrite Visible plates that form the underside of the thorax and abdomen.
Vibrissae Strong setae that line the anterior margin of the pronotum at
the level of the eyes.
Geographic terms
Place names generally follow the New Zealand Place Names Gazetter, as
published by Land Information New Zealand. Geographic areas codes follow
Crosby et al. (1998), as shown in Figure A.1.
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Figure A.1: Map of New Zealand showing boundaries of geographic regions
and location of selected places mentioned in the thesis.
Appendix B
Networking
Conferences and workshops attended
1. Tango Workshops. Dunedin. 31 March–1 April 2012. Tutors: Graham
Whittington and Gloria Passarella.
2. Tango Workshops. Dunedin. 26 May 2012. Tutor: Sebastian Arrua.
3. New Zealand Tango Festival. Wellington. 22–24 June 2012. Tutors:
Alicia Pons, Anibal Montenegro, Hosana Heinrich, Cecilia Gonzalez,
Somer Surgit, Alberto and Natalia Cortez.
4. Weevil taxonomy and identification course. Southwestern Research
Station, Portal, Arizona, USA. 1–8 August 2012. Tutors: Nico Franz,
Charles O’Brien, Anthony Cognato, Bob Anderson, Greg Setliff.
5. Tango Workshops. Christchurch. 3 October 2012. Tutors: Anibal
Montenegro and Hosana Heinrich.
6. New Zealand Ecological Society Conference. Lincoln University, Can-
terbury. 26–28 November 2012. Session chair: Contributed papers,
Commerce 1, Monday 10:50–12:30 am.
7. 15th Annual New Zealand Molecular Ecology Conference. Wainui,
Banks Peninsula, Canterbury. 30 November–2 December 2012. Paper
presented: spider: an R package for the analysis of species identity
and evolution, particularly DNA barcoding.
8. 7th Southern Connections Congress. University of Otago, Dunedin.
21–25 January 2013. Paper presented: Biogeography of the New Zealand
grassland weevil genus Irenimus.
9. 62nd Entomological Society of New Zealand Conference. Massey Uni-
versity, Palmerston North. 3–5 April 2013. Paper presented: Towards
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a robust taxonomy of the Irenimus broad-nosed weevils (Coleoptera:
Curculionidae)—Morphology, sequences and biogeography.
10. Tango Workshops. Christchurch. 27–28 April 2013. Tutors: Demia´n
Garc´ıa and Fatima Vitale.
11. New Zealand Tango Festival. Wellington. 21–23 June 2013. Tutors:
Michelle and Murat Ermdemsel, David Paolo, Milena Plebs, Gisella
Natoli, and Gustavo Rosas.
12. Tango Workshops. Christchurch. 13–14 July 2013. Tutors: Anibal
Montenegro and Hosana Heinrich.
13. Miss E. L. Hellaby Indigenous Grassland Research Trust 14th Trien-
nial Seminar. University of Otago, Dunedin. 4 December 2013. Paper
presented: Towards a robust taxonomy of the Irenimus broad-nosed
weevils (Coleoptera: Curculionidae)
14. 63rd Entomological Society of New Zealand Conference. Rydges Lake-
side, Queenstown. 22–24 April 2014. Paper presented: Brown meets
Broun: Inspecting the type specimens of broad-nosed weevils at the
Natural History Museum, London
15. Thr3sis Competition 2014. Lincoln University. 14 May 2014. Talk
title: Names
16. Entomological Society of New Zealand, Canterbury Branch. Lincoln
University. 25 June 2014. Talk title: Taxonomy in the modern age. A
PhD student’s perspective
17. 2014 Bio-Protection Research Centre Conference. Lincoln University.
3–4 September 2014. Paper presented: Which non-target species are
attacked by introduced parasitoids? Taxonomy and systematics of the
endemic New Zealand grassland weevil genus Irenimus (Coleoptera:
Curculionidae)
18. 50th Annual Conference of the Australian Entomological Society. The
Shine Dome, Canberra, Australia. 28 September–1 October 2014. Pa-
per presented: Evolution of female secondary sexual structures of New
Zealand broad-nosed weevils (Coleoptera: Curculionidae)
19. 64th Entomological Society of New Zealand Conference. Orakei Bay,
Auckland. 7–10 April 2015. Papers presented: New genera of New
Zealand broad-nosed weevils (Coleoptera: Curculionidae: Entiminae
and The Royal Society’s panel on National Taxonomic collections in
New Zealand: ESNZ’s response
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20. Lincoln University Postgraduate Conference. Lincoln University. 27
August 2015. Paper presented: Brown meets Broun: Inspecting the
type specimens of broad-nosed weevils at the Natural History Museum,
London
21. The Engaging Science Presenter. Lincoln University. 21 October 2015.
Tutor: Michael Brown
Museum collections visited
New Zealand Arthropod Collection (NZAC, Tamaki, Auckland, New Zealand);
Lincoln University Entomology Research Museum (LUNZ, Lincoln, Christchurch,
New Zealand); Otago Museum (OMNZ, Dunedin, New Zealand); Canter-
bury Museum (CMNZ, Christchurch, New Zealand); Auckland War Memo-
rial Museum (AMNZ, Auckland, New Zealand); Te Papa Tongarewa Mu-
seum of New Zealand (MONZ, Wellington, New Zealand); Australian Na-
tional Insect Collection (ANIC, Canberra, Australia); Australian Museum
(AM, Sydney, Australia); Frank F. Hasbrouck Insect Collection, Arizona
State University (ASUHIC, Tempe, Arizona, USA); Natural History Mu-
seum (BMNH, London, United Kingdom); Muse´um national d’Histoire na-
turelle (MNHN, Paris, Frace); Staatliches Museum fu¨r Naturkunde (SMNK,
Karlsruhe, Germany).
Appendix C
Papers published during this
PhD
Papers published by the author since 1 March 2012.
Brown, S. D. J., Marris, J. W. M., & Leschen, R. A. B. (2012). Review
of New Zealand Cryptamorpha (Coleoptera: Silvanidae); with a description
of a new species from the Three Kings Islands. New Zealand Entomologist, 35
(1), 29–38. DOI: 10.1080/00779962.2012.649706 (Published 1 March 2012).
Brown, S. D. J., Collins, R. A., Boyer, S., Lefort, M.-C., Malumbres-
Olarte, J., Vink, C. J., & Cruickshank, R. H. (2012). Spider: An R package
for the analysis of species identity and evolution, with particular reference
to DNA barcoding. Molecular Ecology Resources, 12 (3), 562–565. DOI:
10.1111/j.1755-0998.2011.03108.x (Published March 2012)
Boyer, S., Brown, S. D. J., Collins, R. A., Cruickshank, R. H., Lefort,
M.-C., Malumbres-Olarte, J., & Wratten, S. D. (2012). Sliding window
analyses for optimal selection of mini-barcodes, and application to 454-
pyrosequencing for specimen identification from degraded DNA. PLoS One,
7(5): e38215. DOI: 10.1371/journal.pone.0038215 (Published 29 May 2012).
Brown, S. D. J., Armstrong, K. F., & Cruickshank, R. H. (2012).
Molecular phylogenetics of a South Pacific sap beetle species complex (Car-
pophilus spp., Coleoptera: Nitidulidae). Molecular Phylogenetics and Evolu-
tion, 64(3), 428–440 DOI: 10.1016/j.ympev.2012.04.018 (Published Septem-
ber 2012)
Lester, P. J., Brown, S. D. J., Edwards, E. D., Holwell, G. I., Paw-
son, S. M., Ward, D. F., & Watts, C. H. (2014). Critical issues facing
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New Zealand entomology. New Zealand Entomologist, 37(1), 1–13 DOI:
10.1080/00779962.2014.861789 (Published January 2014)
Vink, C. J., & Brown, S. D. J. (2014). High mitochondrial DNA se-
quence divergence in Sminthurus viridis (Linnaeus) (Collembola: Sminthuri-
dae) from New Zealand. New Zealand Entomologist, 37(1), 29–34 DOI:
10.1080/00779962.2013.800698 (Published January 2014)
Brown, S. D. J. (2014). An observation of Oreocalus latipennis (Coleoptera:
Curculionidae) being attacked by Phymatophaea longula (Coleoptera: Cleri-
dae). The Weta, 47, 47–51 (Published July 2014)
Lefort, M.-C., Brown, S. D. J., Boyer, S., Worner, S., & Armstrong,
K. F. (2014) The PGI enzyme system and fitness response to temperature
as a measure of environmental tolerance in an invasive species. PeerJ, 2,
e676 DOI: 10.7717/peerj.676 (Published 25 November 2014)
Brown, S. D. J., & Barratt, B. I. P. (2015) Two adventive species
of weevil (Coleoptera: Curculionidae) from Europe, hitherto unrecorded
from New Zealand. New Zealand Journal of Zoology, 42(2), 94–103 DOI:
10.1080/03014223.2015.1031143 (Published 9 June 2015)
Phillips, C. B., Brown, S. D. J., Greenslade, P., Reay, S., Allen, R. B.,
Easdale, T. A., & Dickie, I. A. (2015). Collembola in Southland beech litter
and soil. New Zealand Entomologist, 38(2), 79–87 DOI: 10.1080/00779962.2015.1021267
(Published 10 July 2015)
Appendix D
Natural history diary
List of birds
This appendix lists the 326 birds seen by the author over the course of
this PhD (1 March 2012–18 February 2016). Birds were identified using
field guides (Watling, 2004; Sibley, 2000; Svensson et al., 2010; Simpson &
Day, 1986; Heather & Robertson, 2005; Yong & Chuah, 2013), taxonomy of
New Zealand birds follows Gill et al. (2010), taxonomy of Australian birds
follows Christidis & Boles (2008), and the higher classification largely follows
Morony et al. (1975)1. Within families, species are ordered alphabetically
by genus and species. Locality codes include: AUS = Australia (superscript
numbers: 1–Rolf Oberprieler’s garden). FIJ = Fiji. FRA = France. GER
= Germany. NZ = New Zealand (superscript numbers: 1–Lincoln area,
2–Lake Ellesmere, 3–Willy Kuschel’s garden). SNG = Singapore. USA =
United States of America (superscript numbers: 1–Southwestern Research
Station, Chiricahua Mts, Arizona). UK = United Kingdom.
Order Podicipediformes
Family Podicipedidae
1. Crested Grebe (Podiceps cristatus) NZ, UK
2. Hoary-headed Grebe (Poliocephalus poliocephalus)
AUS
3. New Zealand Dabchick (Poliocephalus rufopectus)
NZ
4. Australian Grebe (Tachybaptus novaehollandiae)
AUS
5. Little Grebe (Tachybaptus ruficollis) UK
Order Procellariiformes
Family Diomedeidae
6. Antipodean Albatross (Diomedea antipodensis) NZ
7. Southern Royal Albatross (Diomedea epomophora)
NZ
8. Northern Royal Albatross (Diomedea sanfordi) NZ
9. Buller’s Mollymawk (Thalassarche bulleri) NZ
10. NZ White-capped Mollymawk (Thalassarche
cauta) NZ
11. Southern Black-browed Mollymawk (Thalassarche
melanophris) NZ
Family Procellariidae
12. Cape Pigeon (Daption capense) NZ
13. Northern Giant Petrel (Macronectes halli) NZ
14. Fairy Prion (Pachyptila turtur) NZ
15. Common Diving Petrel (Pelecanoides urinatrix)
NZ
16. Buller’s Shearwater (Puffinus bulleri) NZ
17. Fluttering Shearwater (Puffinus gavia) NZ
18. Sooty Shearwater (Puffinus griseus) NZ
19. Hutton’s Shearwater (Puffinus huttoni) NZ
20. Short-tailed Shearwater (Puffinus tenuirostris) NZ
21. White-chinned Petrel (Procellaria aequinoctialis)
NZ
22. Westland Petrel (Procellaria westlandica) NZ
Order Sphenisciformes
1Yes, I know that this classification is grotesquely outdated. However, it’s the classifi-
cation I grew up with, and I still find it useful for classifying birds. I am well aware that
many relationships inferred by this classification have been found to be incorrect on more
recently gathered evidence.
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Family Spheniscidae
23. Blue Penguin (Eudyptula minor) NZ
24. Yellow-eyed Penguin (Megadyptes antipodes) NZ
Order Pelecaniformes
Family Pelecanidae
25. Australian Pelican (Pelecanus conspicillatus) AUS
Family Sulidae
26. Australasian Gannet (Morus serrator) NZ
Family Anhingidae
27. Darter (Anhinga novaehollandiae) AUS
Family Phalacrocoracidae
28. Stewart Island Shag (Leucocarbo chalconotus) NZ
29. Double-crested Cormorant (Phalacrocorax auritus)
USA
30. Neotropic Cormorant (Phalacrocorax brasilianus)
USA
31. Black Shag (Phalacrocorax carbo) AUS, FRA,
NZ2, UK
32. Little Shag (Phalacrocorax melanoleucos) AUS,
NZ
33. Little Black Shag (Phalacrocorax sulcirostris) AUS
34. Pied Shag (Phalacrocorax varius) AUS, NZ2
35. Spotted Shag (Stictocarbo punctatus) NZ
Order Ciconiiformes
Family Ardeidae
36. Grey Heron (Ardea cinerea) UK
37. Great Blue Heron (Ardea herodias) USA
38. Cattle Egret (Ardea ibis) NZ
39. Intermediate Egret (Ardea intermedia) AUS
40. Kotuku (Ardea modesta) NZ2
41. Green Heron (Butorides virescens) USA
42. Little Egret (Egretta garzetta) NZ2, UK
43. White-faced Heron (Egretta novaehollandiae)
AUS, FIJ, NZ1,2
44. Reef Heron (Egretta sacra) FIJ, NZ
45. Snowy Egret (Egretta thula) USA
Family Threskiornithidae
46. Royal Spoonbill (Platalea regia) NZ2
47. White Ibis (Threskiornis molucca) AUS
Order Anatiformes
Family Anatidae
48. Egyptian Goose (Alopochen aegyptiaca) UK
49. Brown Teal (Anas chlorotis) NZ
50. Shoveler (Anas clypeata) UK
51. Eurasian Teal (Anas crecca) UK
52. Grey Teal (Anas gracilis) AUS, NZ2
53. Mallard (Anas platyrhynchos) AUS, FRA, GER,
NZ1,2, UK, USA
54. Garganey (Anas querquedula) UK
55. Australasian Shoveler (Anas rhynchotis) NZ2
56. Gadwall (Anas strepera) UK
57. Grey Duck (Anas superciliosa) AUS, FIJ, NZ
58. Greylag (Feral) Goose (Anser anser) AUS, GER,
NZ1, UK
59. Hardhead (Aythya australis) AUS
60. Pochard (Aythya ferina) UK
61. Tufted Duck (Aythya fuligula) UK
62. New Zealand Scaup (Aythya novaeseelandiae) NZ1
63. Canada Goose (Branta canadensis) NZ1,2, UK
64. Maned Duck (Chenonetta jubata) AUS
65. Black Swan (Cygnus atratus) AUS, NZ1,2
66. Mute Swan (Cygnus olor) FRA, NZ2, UK
67. Ruddy Duck (Oxyura jamaicensis) USA
68. Putangitangi (Tadorna variegata) NZ1
Order Falconiformes
Family Cathartidae
69. Turkey Vulture (Cathartes aura) USA1
Family Accipitridae
70. Brown Goshawk (Accipter fasciatus) AUS
71. Fijian Goshawk (Accipter rufitorques) FIJ
72. Buzzard (Buteo buteo) UK
73. Australasian Harrier (Circus approximans) FIJ,
NZ1
74. Spotted Harrier (Circus assimilis) AUS
75. Little Eagle (Hieraaetus morphnoides) AUS
76. Red Kite (Milvus milvus) UK
Family Falconidae
77. New Zealand Falcon (Falco novaeseelandiae) NZ
78. Peregrine Falcon (Falco peregrinus) UK
79. American Kestrel (Falco sparverius) USA
80. Hobby (Falco subbuteo) UK
81. Kestrel (Falco tinnunculus) UK
Order Galliformes
Family Phasianidae
82. Red-legged Partridge (Alectoris rufa) UK
83. Californian Quail (Callipepla californica) NZ
84. Gambel’s Quail (Callipepla gambelii) USA
85. Pheasant (Phasianus colchicus) NZ1, UK
Order Gruiformes
Family Rallidae
86. American Coot (Fulica americana) USA
87. Coot (Fulica atra) AUS, NZ, UK
88. Common Moorhen (Gallinula chloropus) FRA,
UK
89. Dusky Moorhen (Gallinula tenebrosa) AUS
90. Weka (Gallirallus australis) NZ
91. Pukeko (Porphyrio melanotis) AUS, NZ1
Order Charadriiformes
Family Charadriidae
92. Wrybill (Anarhynchus frontalis) NZ2
93. Banded Dotterel (Charadrius bicinctus) NZ2
94. Ringed Plover (Charadrius hiaticula) UK
95. Killdeer (Charadrius vociferus) USA
96. Pacific Golden Plover (Pluvialis fulva) FIJ, NZ2
97. Spur-winged Plover (Vanellus miles) AUS, NZ1,2
98. Lapwing (Vanellus vanellus) UK
Family Haematopidae
99. South Island Pied Oystercatcher (Haematopus
finschi) NZ1,2
100. Pied Oystercatcher (Haematopus ostralegus) UK
101. Variable Oystercatcher (Haematopus unicolor)
NZ
Family Recurvirostridae
102. Pied Stilt (Himantopus himantopus) NZ2
103. Black Stilt (Himantopus novaezelandiae) NZ2
Family Scolopacidae
104. Ruddy Turnstone (Arenaria interpres) FIJ,
NZ2, UK
105. Sharp-tailed Sandpiper (Calidris acuminata)
NZ2
106. Sanderling (Calidris alba) UK
107. Lesser Knot (Calidris canutus) NZ2
108. Curlew Sandpiper (Calidris ferruginea) NZ2
109. Red-necked Stint (Calidris ruficollis) NZ2
110. Snipe (Gallinago gallinago) UK
111. Bar-tailed Godwit (Limosa lapponica) FIJ, NZ2
112. Whimbrel (Numenius phaeopus) UK
113. Common Sandpiper (Tringa hypoleucos) UK
114. Redshank (Tringa totanus) UK
Family Stercorariidae
115. Arctic Skua (Stercorarius parasiticus) NZ
Family Laridae
116. Black-fronted Tern (Chlidonias albostriata) NZ
117. Gull-billed Tern (Gelochelidon nilotica) NZ2
118. Caspian Tern (Hydroprogne caspia) NZ2
119. Herring Gull (Larus argentatus) UK
120. Black-billed Gull (Larus bulleri) NZ
121. Black-backed Gull (Larus dominicanus) NZ1,2
122. Lesser Black-backed Gull (Larus fuscus) UK
123. Greater Black-backed Gull (Larus marinus) UK
124. Red-billed Gull (Larus novaehollandiae) AUS,
NZ1
125. Western Gull (Larus occidentalis) USA
126. Black-headed Gull (Larus ridibundus) FRA, UK
127. Bridled Tern (Onychoprion anaethetus) FIJ
128. Crested Tern (Sterna bergii) FIJ
129. Common Tern (Sterna hirundo) UK
130. White-fronted Tern (Sterna striata) NZ
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131. Black-naped Tern (Sterna sumatrana) FIJ
Order Columbiformes
Family Columbidae
132. Feral Pigeon (Columba livia) AUS, FIJ, FRA,
GER, NZ1, UK, USA
133. Stock Dove (Columba oenas) UK
134. Wood Pigeon (Columba palumbus) FRA, GER,
UK
135. Inca Dove (Columbina inca) USA
136. Barking Pigeon (Ducula latrans) FIJ
137. Kereru (Hemiphaga novaeseelandiae) NZ
138. Crested Pigeon (Ocyphaps lophotes) AUS1
139. Golden Dove (Ptilinopus luteovirens) FIJ
140. Many-coloured Fruit-dove (Ptilinopus perousii)
FIJ
141. Spotted Turtle-dove (Streptopelia chinensis)
AUS, FIJ, NZ3
142. Eurasian Collared Dove (Steptopelia decaocto)
USA, UK
143. Mourning Dove (Zenaida macroura) USA1
144. White-winged Dove (Zenaida asiastica) USA
Order Psittaciformes
Family Cacatuidae
145. Sulphur-crested Cockatoo (Cacatua galerita)
AUS1, NZ
146. Little Corella (Cacatua pastinator) AUS
147. Yellow-tailed Black Cockatoo (Calyptorhynchus
funereus) AUS
Family Psittacidae
148. Australian King Parrot (Alisterus scapularis)
AUS1
149. Yellow-crowned Parakeet (Cyanorhamphus
auriceps) NZ
150. Kaka (Nestor meridionalis) NZ
151. Kea (Nestor notabilis) NZ
152. Collared Lory (Phigys solitarius) FIJ
153. Crimson Rosella (Platycercus elegans) AUS1
154. Eastern Rosella (Platycercus eximius) AUS1, NZ
155. Masked Shining Parrot (Prosopeia personata) FIJ
156. Rose-ringed Parakeet (Psittacula krameri) FRA,
UK
157. Rainbow Lorikeet (Trichoglossus haematodus)
AUS
Order Cuculiformes
Family Cuculidae
158. Shining Cuckoo (Chrysococcyx lucidus) NZ
Order Strigiformes
Family Strigidae
159. Little Owl (Athene noctua) NZ1
160. Morepork (Ninox novaeseelandiae) NZ
Order Caprimulgiformes
Family Caprimulgidae
161. Lesser Nighthawk (Chordeiles acutipennis) USA
Order Apodiformes
Family Apodidae
162. Swift (Apus apus) FRA, UK
163. White-rumped Swiftlet (Collocalia spodiopygius)
FIJ
Family Trochilidae
164. Costa’s Hummingbird (Calypte costae) USA
165. Magnificent Hummingbird (Eugenes fulgens)
USA1
166. Blue-throated Hummingbird (Lampornis
clemenciae) USA1
167. Broad-tailed Hummingbird (Selasphorus
platycercus) USA1
Order Coraciformes
Family Alcedinidae
168. Common Kingfisher (Alcedo atthis) UK
169. Laughing Kookaburra (Dacelo novaeguineae)
AUS
170. White-collared Kingfisher (Todiramphus chloris)
FIJ
171. Kingfisher (Todiramphus sancta) NZ1
Order Piciformes
Family Picidae
172. Northern Flicker (Colaptes auratus) USA1
173. Great Spotted Woodpecker (Dendrocopos major)
GER
174. Middle Spotted Woodpecker (Dendrocopos
medius) GER
175. Acorn Woodpecker (Melanerpes formicivorus)
USA1
176. Gila Woodpecker (Melanerpes uropygialis) USA
177. Arizona Woodpecker (Picoides arizonae) USA1
178. Hairy Woodpecker (Picoides villosus) USA1
179. Green Woodpecker (Picus viridus) UK
180. Red-naped Sapsucker (Sphyrapicus nuchalis)
USA
Order Passeriformes
Family Acanthisittidae
181. Rifleman (Acanthisitta chloris) NZ
Family Menuridae
182. Superb Lyrebird (Menura novaehollandiae) AUS
Family Tyrannidae
183. Western Wood-Pewee (Contopus sordidulus)
USA1
184. Buff-breasted Flycatcher (Empidonax fulvifrons)
USA1
185. Black Phoebe (Sayornis nigricans) USA1
186. Say’s Phoebe (Sayornis saya) USA1
187. Dusky-capped Flycatcher (Myiarchus
tuberculifer) USA1
188. Brown-crested Flycatcher (Myiarchus tyrannulus)
USA
189. Western Kingbird (Tyrannus verticalis) USA1
190. Sulphur-bellied Flycatcher (Myiodynastes
luteiventris) USA1
Family Alaudidae
191. Skylark (Alauda arvensis) NZ1,2, UK
Family Corvidae
192. Mexican Jay (Aphelocoma ultramarina) USA1
193. American Crow (Corvus brachyrhynchos) USA
194. Carrion Crow (Corvus corone) FRA, GER, UK
195. Australian Raven (Corvus coronoides) AUS
196. Chihuahuan Raven (Corvus cryptoleucus) USA
197. Rook (Corvus frugilegus) NZ, UK
198. House Crow (Corvus splendens) SNG
199. Steller’s Jay (Cyanocitta stelleri) USA
200. Jay (Garrulus glandarius) FRA, UK
201. Magpie (Pica pica) FRA, UK
Family Hirundinidae
202. House Martin (Delichon urbicum) UK
203. Welcome Swallow (Hirundo neoxena) AUS,
NZ1,2
204. Barn Swallow (Hirundo rustica) FRA, UK
205. Pacific Swallow (Hirundo tahitica) FIJ
Family Motacillidae
206. New Zealand Pipit (Anthus novaeseelandiae) NZ
207. Rock Pipit (Anthus petrosus) UK
208. Pied Wagtail (Motacilla alba) UK
209. Grey Wagtail (Motacilla cinerea) FRA, UK
210. Yellow Wagtail (Motacilla flava) UK
Family Vireonidae
211. Grey Vireo (Vireo vicinior) USA1
212. Plumbeous Vireo (Vireo plumbeus) USA1
Family Campephagidae
213. Black-faced Cuckoo-shrike (Coracina
novaehollandiae) AUS
214. Polynesian Triller (Lalage maculosa) FIJ
Family Aegithalidae
215. Long-tailed Tit (Aegithalos caudatus) UK
216. Bushtit (Psaltriparus minimus) USA1
Family Paridae
217. Bridled Titmouse (Beolophus wollweberi) USA1
218. Blue Tit (Cyanistes caerulens) FRA, GER, UK
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219. Great Tit (Parus major) FRA, GER, UK
220. Coal Tit (Periparus ater) UK
221. Marsh Tit (Poecile palustris) FRA
Family Remizidae
222. Verdin (Auriparus flaviceps) USA
Family Certhiidae
223. Brown Creeper (Certhia americana) USA1
Family Sittidae
224. White-breasted Nuthatch (Sitta carolinensis)
USA1
225. Nuthatch (Sitta europaea) GER
Family Troglodytidae
226. House Wren (Troglodytes aedon) USA1
227. Cactus Wren (Campylorhynchus brunneicapillus)
USA
Family Muscicapidae
228. Grey Shrike-thrush (Colluricincla harmonica)
AUS
229. Robin Redbreast (Erithacus rubecula) FRA, UK
230. Brown Creeper (Mohoua novaeseelandiae) NZ
231. Spotted Flycatcher (Muscicapa striata) FRA
232. Wheatear (Oenathe oenathe) UK
233. Golden Whistler (Pachycephala pectoralis) AUS,
FIJ
234. Rufous Whistler (Pachycephala rufiventris) AUS
235. Blackbird (Turdus merula) AUS1, FRA, GER,
NZ1,3, UK
236. American Robin (Turdus migratorius) USA1
237. Song Thrush (Turdus philomelos) NZ1
Family Psophodidae
238. Eastern Whipbird (Psophodes olivaceus) AUS
Family Pycnonotidae
239. Red-vented Bulbul (Pycnonotus cafer) FIJ
240. Red-whiskered Bulbul (Pycnonotus jocosus) AUS
Family Prunellidae
241. Dunnock (Prunella modularis) NZ1
Family Acanthizidae
242. Yellow-rumped Thornbill (Acanthiza chrysorrhoa)
AUS
243. Striated Thornbill (Acanthiza lineata) AUS
244. Brown Thornbill (Acanthiza pusilla) AUS
245. Brown Gerygone (Gerygone mouki) AUS
246. Grey Warbler (Gerygone igata) NZ1
247. Rockwarbler (Origma solitaria) AUS
248. White-browed Scrubwren (Sericornis frontalis)
AUS
Family Monarchidae
249. Australian Magpie-lark (Grallina cyanoleuca)
AUS1
250. Vanikoro Broadbill (Myiagra vanikorensis) FIJ
251. Grey Fantail (Rhipidura albiscapa) AUS
252. Fantail (Rhipidura fuliginosa) NZ1
253. Willie Wagtail (Rhipidura leucophrys) AUS
Family Petroicidae
254. Eastern Yellow Robin (Eopsaltria australis) AUS
255. South Island Robin (Petroica australis) NZ
256. Tomtit (Petroica macrocephala) NZ
257. Pink Robin (Petroica rodinogaster) AUS
Family Mimidae
258. Northern Mockingbird (Mimus polyglottos) USA
259. Curve-billed Thrasher (Toxostoma curvirostre)
USA
Family Maluridae
260. Superb Fairy Wren (Malurus cyaneus) AUS
Family Sylviidae
261. Reed Warbler (Acrocephalus scipaceus) UK
262. Australian Reed Warbler (Acrocephalus australis)
AUS
263. Fernbird (Bowdleria punctatus) NZ
264. Chiffchaff (Phylloscopus collybita) UK
265. Willow Warbler (Phylloscopus trochilus) UK
266. Black-tailed Gnatcatcher (Polioptila melanura)
USA
267. Blue-grey Gnatcatcher (Polioptila caerulea) USA
268. Goldcrest (Regulus regulus) GER
269. Blackcap (Sylvia atricapilla) GER, UK
270. Whitethroat (Sylvia communis) UK
Family Ptilogonatidae
271. Phainopepla (Phainopepla nitens) USA
Family Parulidae
272. Yellow Warbler (Dendroica petechia) USA1
273. Black-throated Grey Warbler (Dendroica
nigrescens) USA1
274. Yellow Warbler (Dendroica petechia) USA1
275. Grace’s Warbler (Dendroica graciae) USA1
276. Painted Redstart (Myioborus pictus) USA1
Family Thraupidae
277. Western Tanager (Piranga ludoviciana) USA1
Family Cardinalidae
278. Pyrrhuloxia (Cardinalis sinuatus) USA
279. Northern Cardinal (Cardinalis cardinalis) USA
280. Black-headed Grosbeak (Pheucticus
melanocephalus) USA
281. Blue Grosbeak (Guiraca caerulea) USA1
Family Zosteropidae
282. Fijian Whiteeye (Zosterops explorator) FIJ
283. Silvereye (Zosterops lateralis) AUS, NZ1,3
Family Meliphagidae
284. Red Wattlebird (Anthochaera carunculata) AUS1
285. Little Wattlebird (Anthochaera chrysoptera) AUS
286. Eastern Spinebill (Acanthorhynchus tenuirostris)
AUS
287. Bellbird (Anthornis melanura) NZ1
288. Wattled Honeyeater (Foulehaio carunculata) FIJ
289. Yellow-faced Honeyeater (Lichenostomus
chrysops) AUS
290. White-eared Honeyeater (Lichenostomus leucotis)
AUS
291. White-plumed Honeyeater (Lichenostomus
penicillatus) AUS
292. Noisy Miner (Manorina melanocephala) AUS
293. White-naped Honeyeater (Melithreptus lunatus)
AUS
294. New Holland Honeyeater (Phylidonyris
novaehollandiae) AUS
295. Tui (Prosthemadera novaeseelandiae) NZ
Family Pardalotidae
296. Spotted Pardalote (Pardalotus punctatus) AUS
Family Emberizidae
297. Lark Sparrow (Chondestes grammacus) USA1
298. Cirl Bunting (Emberiza cirlus) NZ
299. Yellowhammer (Emberiza citrinella) NZ1,2
300. Yellow-eyed Junco (Junco phaeonotus) USA1
Family Icteridae
301. Red-winged Blackbird (Agelaius phoeniceus)
USA
302. Great-tailed Grackle (Quiscalus mexicanus) USA
303. Hooded Oriole (Icterus cucullatus) USA1
Family Fringillidae
304. Linnet (Carduelis cannabina) UK
305. Goldfinch (Carduelis carduelis) NZ1,2, UK
306. Greenfinch (Carduelis chloris) NZ1, UK
307. Redpoll (Carduelis flammea) NZ1
308. Lesser Goldfinch (Carduelis psaltria) USA1
309. Cassin’s Finch (Carpodacus cassinii) USA1
310. House Finch (Carpodacus mexicanus) USA1
311. Chaffinch (Fringilla coelebs) GER, NZ1, UK
Family Ploceidae
312. Red Avadavat (Amandava amandava) FIJ
313. Fijian Parrotbill (Erythrura pealii) FIJ
314. Red-browed Firetail (Neochmia temporalis) AUS
315. House Sparrow (Passer domesticus) AUS1,
FRA, GER, NZ1,3, UK, USA
316. Eurasian Tree Sparrow (Passer montanus) SNG
317. Double-barred Finch (Taeniopygia bichenovii)
AUS
Family Sturnidae
318. Jungle Myna (Acridotheres fuscus) FIJ
319. Javan Myna (Acridotheres javanicus) SNG
320. Indian Myna (Acridotheres tristis) AUS1, FIJ,
NZ
321. Starling (Sturnus vulgaris) AUS, NZ1,2, USA
Family Oriolidae
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322. Figbird (Sphecotheres vieilloti) AUS
Family Artamidae
323. Fiji Woodswallow (Artamus mentalis) FIJ
Family Corcoracidae
324. White-winged Chough (Corcorax
melanorhamphos) AUS
Family Cracticidae
325. Australian Magpie (Gymnorhina tibicen) AUS1,
NZ1,2
326. Pied Currawong (Strepera graculina) AUS1
Other notable sightings
Other particularly memorable sightings of other organisms over the course
of this PhD included:
Coyote (Canis latrans) USA
Hector’s Dolphin (Cephalorhynchus hectori hectori) NZ
Hedgehog (Erinaceus europaeus occidentalis) NZ
Dusky Dolphin (Lagenorhynchus obscurus) NZ
Black-tailed Jackrabbit (Lepus californicus) USA
Hare (Lepus europaeus occidentalis) NZ
House Mouse (Mus musculus) NZ
Stoat (Mustela erminea) NZ
Mule Deer (Odocoileus hemionus) USA
Platypus (Ornithorhynchus anatinus) AUS
Rabbit (Oryctolagus cuniculus cuniculus) NZ
Rock Squirrel (Otospermophilus variegatus) USA
Norway Rat (Rattus norvegicus) NZ
European Red Squirrel (Sciurus vulgaris) GER
Round-tailed Ground Squirrel (Spermophilus tereticaudus) USA
Southern Pocket Gopher (Thomomys umbrinus) USA
Possum (Trichosurus vulpecula) NZ
Grey Fox (Urocyon cinereoargenteus) USA
Red Fox (Vulpes vulpes) UK
Blacktailed Rattlesnake (Crotalus molossus) USA
Spectacled Hooded Snake (Parasuta spectabilis) AUS
Tarantula (Aphonopelma sp.) USA
Vinegaroon (Mastigoproctus giganteus) USA
Camel spider (Solifugae) USA
Appendix E
A taxonomist’s prayer
Lord God Almighty,
Father God, Creator of Life. You spoke1 and the world was made. At
Your command, the earth was filled with plants and creatures of every sort.
They know Your love, they do Your will, and they are known by You.2
Christ Jesus, Redeemer of the world. All things were made through
You,3 and for You,4 and are sustained by You.5 Because of our sin, creation
has been groaning,6 but by Your grace, through Your blood, all creation
has been redeemed; and together we will bow before Your throne in humble
worship.7
Holy Spirit, Giver of Life.8 Teacher, helper and comforter.9 You reveal
the things which God has prepared for us10. Guide me into all Truth,11 that
I may worship You in Spirit and in Truth,12 and love You afresh with all my
heart, all my soul, and all my mind.13
Lord, You charged Adam with the task and privilege of naming Your
works,14 thereby granting him, and through him us, dominion over all the
earth.15 Lord, forgive us for our pride and selfishness that has driven us to
exploit and degrade this world that You have made for Your own purposes.
1Gen 1:24
2Matt 6:24
3John 1:3
4Col 1:17
5Col 1:17, Psalm 104:30
6Rom 8:22
7Rev 5:13
82 Cor 3:6
9John 14:26
101 Cor 2:9–10
11John 16:13
12John 4:24
13Deut 6:5, Matt 22:37
14Gen 2:19
15Gen 1:28
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Lord, draw us to yourself,16 restore Your creation; restore our relationship
with You, with each other, and with the world around us.
I have before me examples of Your incredible creation. Lord, how awe-
some are Your works!17 Give me eyes to see the differences between taxa.
Help me understand their place in Your world, and their role in their ecosys-
tems. May I correctly interpret the function and origin of traits and char-
acters. Help me be able to accurately communicate form, shape and colour,
by word or by illustration.
Lord, may my work draw others to glorify You, as I reveal the beauty of
these organisms. May the increased understanding of our world that results
from this research enable us to take greater care of Your creation and better
comprehend our impact upon it. Establish the work of my hands,18 that my
research may be useful, accessible, and that it may stand the test of time.
Lord, I thank You that You have blessed me with this research. Through
it all may I worship You. Draw me to You, by Your spirit, and may I
continually come before You in awe and wonder and humility.
16John 12:32
17Psalm 66:3
18Psalm 90:17
